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Figure 1a

1o 20

* *

MQEVTQIPAALSVPEGENLVLNCSFTDSA

30 40 50

* * *

IYNLQWFRQDPGRKGLTSLLLIQSSQREQT

60 70 80

* * *

SCGRLNASLDKSSGRSTLYIAASQPGDSAT

50 100 110

* * *

YLCAVRPTSGGSYIPTFGRGTSLIVHPY
(SEQID No: 1)
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Figure 1b

io 20

* *

MGVTQTPEREFQVLEXKTGQSMTLQCAQDMNHE

30 40 50

* * *

YMSWYRQDPGMGLRLIHYSVGAGITDOQGE

60 70 80

% * *

VPNGYNVSRSTTEDFPLRLLSAAPSQTSYV

90 100 110

* * *

YFCASSYVGNTGELFFGEGSRLTVL
(SEQ ID No: 2)
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Figure 2a

atgcaggaggtgacacagattecctgcagetetgagtgtcccagaaggagaaaacttggtictecaactgeagtticactgatag
cgctatitacaacctccagtggtitaggcaggaccctgggaaaggtcicacatetetgiigetiaticagtcaagtcagagaga
gcaaacaagtggaagacttaatgecicgeiggataaaticatcaggacgtagtactttatacaitgeagetictcagectggtga
ctcagccacctacctctgtgetgtgagpgcccacatcaggaggaagetacatacetacatttggaagaggaaccagecttatt
gitcatccgtatatccagaaccetgacectgecgtgtaccagetgagagacictaaatccagtgacaagtetgtctgectattc
accgatittgatictcaaacaaatgtgtcacaaagtaaggaticigatgtgtatatcacagacaaaactigtgetagacatgaggt
ctatggacttcaagagcaacagigetgiggeciggagcaacaaatetgacttigeatgigeaaacgecticaacaacageatt
attccagaagacaccttcttccccageccagaaagtticetaa

(SEQ ID No: 3)

Figure 2b

atgggtgtcactcagaccccaaaattccaggtoctgaagacaggacagageatgacactgeagtgtgeccaggatatgaac
catgaatacatgtcctggtatcgacaagacccaggeatggggcetgaggetgaticattacicagttggigetggtatcactga

ccaaggagaagiccccaatggetacaatgtetccagatcaaccacagaggatiiccegeicaggetgetgteggetgetece
tcccagacatctgtgtacttetgtgecageagtiacgtegggaacaccggggagoetgtttittggagaaggetctaggotgac
cgtactggaggacctgaaaaacgtgticccaccogaggtogetgtgtttgagecatcagaageagagatctcccacaccca
aaaggccacactggtgtgcctggecacaggcettctacccegaccacgtggagetgagelgptgggtgaatgggaaggag
gtgcacagtggggtcageacagaccegeagecccticaaggageageccgecctcaatgactccagatacgetctgagea
geegeotgagggtctoggccacctictggecaggacececcgeaaccacticcgetigicaagticecagitctacgggetetegg

agaatgacgagtggacccaggatagggccaaaccegicacccagategtcagegecgaggectggggtagageagact

aa
(SEQ ID No: 4)
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Figure 3a
Figure 3b

Oct. 13, 2015
DFDSQTNVSQSKDSDVYITDKTVLDMRSMDFEKSNS

RGTSLIVHPYIQNPDPAVYQLRDSKSSDKSVCLFT
AVAWSNKSDFACANAFNNSIIPEDTFFPSPESS

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNL

FROQDPGKGLTSLLL
GRSTLYIAASQPGD

(SEQ ID No: 5)
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Figure 4a

atgcaggaggtgacacagattcetgeageictgagtgtcccagaaggagaaaactiggtictcaactgeagtticactgatag
cgctatttacaacctecagtggtttaggeaggacectgggaaaggtotcacatctotgtigettaticagtcaagicagagaga
gcaaacaagiggaagacttaatgectcgeiggataaatcaicaggacgtagtactttatacatigcagetictcagectggtga
ctcagccacctacctetgtgetgtgaggeccacatcaggaggaagetacatacetacatitggaagaggaaccagecttatt
gticatce gtatatccagaaccctgaccctgccgtgtaccagctgagagactctaaatccagtgacaagtctgtctgcctattc
accgattitgatictcaaacaaatgigicacaaagiaaggatictgatgtgtatatcacagacaaa) gﬂgtgctagacatgaggt
ctatggacttcaagagcaacagtgeigtggectggageaacaaatctgactttgeatgtgeaaacgecttcaacaacageatt

attccagaagacaccticttccccageccagaaagttectaa
(SEQ ID No: 7)

Figure 4b

atgggtetcactcagaccccaaaaticcaggicetgaagacaggacagageatgacactgeagtgtgeccaggatatgaac
catgaatacatgtcctggtatcgacaagaccoaggeatggggctgaggctgattcattactcagitggtgetgetatcactga
ccaaggagaagtecceaatggetacaatgictccagatcaaccacagaggatitceecgeicaggetgetgteggeigeteee
tcccagacatctgtgtacitetgtgccageagttacgtegggaacaccggggageigitititggagaaggctctaggetgac
cgtactggaggaccigaaaaacgigiicccaccegaggtegetgigtttgagecateagaageagagatcteccacacoca
aaaggccacactggtgtgectggecacaggetictaccocgaccacgtggagetgageiggipggtgaatggeaaggag
gtgoacagtggggtc;f_%_“acagacccgcagcccctcaaggagcagcccgccctcaatgactccagatacgctctgagca
geegecetgagggtetcggecaccitctggeaggacceecgeaaccacticegetgtcaagtceagtictacgggetetegg
agaatgacgagtggacccaggatagggecaaacccgtcacccagategtcagegeecgaggectggggtagageagact

aa
(SEQ ID No: 8)
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(SEQ ID No: 10)
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Figure &

MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWEFRQ
DPGKGLTELLLIQSSOQREQTSCGRLNASLDESSGRSTLYI

{SEQ I No: 11)

MOEVTQIPAALSVPEGENLVYVELENUCSFTDSAIYNLQWERQ
DPORKGLTSLLLIQSSOREQTSGRLNASLDESSGRSTLY!
AASQPCODSATYLCAVRHETSNGYFPPFTFGRGTSLIVHPY
{(SEQ D No: 12)

MQOEVTIQIPAALSVPHEGENLVILNCSFTDSAIYNLQWFEFRQ
DPGRKGLTSLLLIQSSQREQTSGRLNASLDKSSGRSTLY!
AASQPGDSATYLCAVRPMIGGIVIPTFGRGTSLIVHDPY
{(SEQ IDNo: 13)

MOEVTQIPAALSVPEGENLVLNCSFIDSAIYNLQWFRQ
DPGKGLTSLLLIQSSQREQTSGRLNASLDKSSGRSETLY!
AASQPGDSATYLCAVRPELYGGIYIPTFGRGTSLIVHEPY
(SEQ D No: 14)

MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLOQWFRQ
DPGKGLTSLLLIQSSQREQTSGRLNASLDKSSGRETLYI
AASQPGDSATYLCAVRPMIGGIYVIPTFGRGTSLIVHPY
(SEQ D No: 15)
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Figure 6 {continued)
MQOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWEFRQ
DPGREGLTSLLLIQSSQREQTSGRLNASLDESSGRSTLY
AASQPGDSATYLCAVRPLIGGEYIPTFGRGTSLIVHPY
(SEQ ID No: 16)

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWERQ
DPGRGLTSLLLIQSSQREQTSGRLNASLDKSSGRSTLYI
AASQPGDSATYLCAVRPLTGGSYIPTFGRGTSLIVHPY
(SEQ D No: 17)

MQOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLOWERQ
DPGKGLTSLLLIQSSQOREQTSGRLNASLDKSSGRSTLY!]
AASQPGDSATYLCAVRPATGGIYIPTFGRGTILIVHPY
{(SEQ ID Na: 18)

MQOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLOQWEFRQ
DPFGKGLTSLLLIQSSQREQTSGRLNASLDKSSGRSTLY!
AASQPGDSATYLCAVRPQIVPIYIPTFGRGTSLIVHPY
(SEQ ID No: 19}

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ
DPGEGLTSLLLIQSSQREQTSGRLNASLDXSSGRSETLY!
AASQPOGDSATYLCAVRPMSGGIYIPTFGRGTSLIVHPY
{(SEQ 1D No: 20y

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWERQ
DPGEKGLTSLLLIGSSQREQTESGRLNASLDESSGRSTLY
AASQPOGDSATYLCAVRPYQSCGHYMPTFGRGTSLIVHPY
(SEQ I No: 21)
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Figure 6 {continued)
MOQEVTOQIPAALSVPEREGENLVLNCSFTDSAIYNLQWERQ
DPGKGLTSLLLIQSSQREQTECGRLNASLDESSGRSTLY!]
AASQPGDSATYLCAVRPTSGGRYEIPTYTFGRGTSLIVHPY
(SEQ ID Mo 22)

MQEVTQIPAALSYPEGENLVLNCSFTDSAIYNLQWERQ
DPGRKGLTSLLLIQGSSQREQTSGRLNASLDESSGRSTLYI
AASQPGDSATYLCAVRPMLGGIYIPTFGRGTSLIVHPY
(SEQ D No 23)

MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWERQ
DPGEGLTSLLLIOSSQREQTSGRLNASLDKSSGRSTLYI
AASQOPGDSATYLCAVRPLODGIYIPTFGRGTSLIVHPY
(SEQ ID No: 24)

MQEV’I‘QIPAALSVPEGENLVLNCSFTBSAIYNLQWFRQ
DPGKGLTSLLLIQSSQREQTSGRLNASLDKSSGRSTLY
AASQPGDSATYLCAVRPMIDSTIYIPTFGRGTSLIVHPY
{(SEQ D No: 25

MQEVTQOIPAALSVPEGENLVLNCOBFTDSAIYNLQWERQ
DPGEGLTSLLLIQSSQREQTSCGRLNASLDKSSGRSTLYH
AASQPGDSATYLCAVRPLVDPTYIPTFGRGTSLIVHPY
{SEQ ID No: 26)

MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ
DPGKGLTSLLLIQSSOREOTSGRLNASLDKSSGRSTLYI
AASOPGDSATYLCAVRPEVDATIYIPTFGRGTSLIVHPY
(SEQ ID No: 27)
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Figure 6 {continued)
MOQEVTQIFPAALSVPEGENLVLNCSFTDSAIYNLQWERG
DPGEKGLTSLLLIQSSOREQTSGRLNASLDKSSGRSETLYI
AASQPGDSATYLCAVRPLEDSTYIPTFGRGOGTSLIVHRY
{(SEQ ID No: 28}

MQEVTQIPAALSVPEGENLVLNCSFTIDSAIYNLQWFRGQ
DPGEKGLTSLLLIQSSOREQTSGRLNASLDKSSGRETLYY

{SEQ ID No: 29}

MOEVTQIPAALSVPEGENLVLNCSFTIDSAIYNLQWFRQ
DPGKGLTSLLLIQSSORBEOTSGRLNASLDESSGRETLYY
AASOPGDSATYLCAVRPTSGGNYIPTFGRGTSLIVEPY
(SEQ ID No: 30)

MQEVTIQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ
DPCGKGLTSLLLIQSSOREQTSGRLNASLDKSSGRSTLYI
AASOQOPGDSATYLCAVRPTTGGSYIPTFGRGTSLIVHPY
(SEQ ID No: 31)

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ
DPGKGLTSLLLIQSSQREQTSGRLNASLDKSSGRSTLY!
AASQPGDSATYLCAVRPISGGSYIPTFGRGTSLIVHRPY
(SBQ ID No: 32)

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLOQWEFRQ
DPGKGLTSLLLIQSSQOREQTSGRLNASLDRKSSGRETLY!
AASQPGDSATYLCAVRPMSGGSYIPTFGRGTSLIVHPY
(SEQ ID No: 33)
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Figure 6 {continued)
MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWEFRQ
DPGEGLTSLLLIQSSQREQTSGRLNASLDKSSGRSTLYI
AASQPGDSATYLCAVRPMTIGGSYIPTFGRGTSLIVHPY
{SEQ I No; 34)

MQEVTOIPAALSVPEGENLVLNCSFTDSAIYNLQGWEFRQ
DPCEGLTSLLLIQSSQREQTSGRLNASLDEKSSGRSTLY!
AASQPOGDSATYLCAVRPISGGSYIPTFGRGTSLIVHPY
(SEQ Iy No: 35)

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLOQWERO
DPOEGLTSLLLIQSSQREQTSGRLNASLDESSGRSTLYI
AASQPGDSATYLCAVRPTSGGIVIPTFGRGTSLIVHPY
(SEQ ID No: 36)

MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLOWERGQ
DPFGEGLTSLLLIQOSSQREQTSGRILNASLDKSSGRSTLY!
AASQPGDSATYLCAVRPTAGGSYIPAFGRGTSLIVHPY
(SEQ 1D No: 37)

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLOQWERG
DPGKGLTSLLLIQSSQREQTSGRLNASLDKSSGRSTLY!
AASQOPFGDSATYLCAVRPASGGSYIPTFGRGTSLIVHPY
(SEQ ID No: 38)

MQEVTQIPAALSVPEGENLVLNCSFTDSAIVYNLQWEFRQ
DPGKGLTSLLLIQSSOREQTSGRLNASLDKSSGRSTLYI
AASQPGDSATYLCAVRPATGGSYIPTFGRGTSLIVHPY
(SEQ ID No: 39)
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Figure 6 (continued)
MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ
DPCGKGLTSLLLIQSSQREQTSGRLNASLDESSGRSTLY!
AASQPGDSATYLCAVRPT-OYTONVPTFGRGTSLIVHPY
(SEQ ID No: 40)

MOEVTQIPAALSVPEGENLALNCSFTDSAIYNLQWEFRGQ
DPOGKGLTSLLLIQOPSQREQTSGRLNASLDKSSGRSTLY!
AASQPGDSATYLCAVRPTSGGSYIPTFGRGTSLIVHEHPY
(SEQ 1D No: 41)

MQOEVTQIPAALSVPEGENLVILNCSFTDSAIYNLQWFRQ
BE‘GKGLTSLLLIMQ.REQTSGRLNASLDKSSGRSTLYI
AASQPGDSATYLCAVRPTSGGSYIPTFGRGTSLIVEPY

{SEG 1D No: 42)

MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLOQWEFRQ
DPGKGLTSLLLISPWOREQTSGRLNASLDESSGRSTLY!
AASQPGDSATYLCAVRPTSGGSYIPTFGRGTSLIVHPY
(SEQ ID No: 43)

MOEVIQIPAALSVPEGENLVLNCSFTDSAIYNLOWEFRQ
DPGRGLTSLLLITPWOREQTSGRLNASLDESSGRSTLY!
AASQOPGDSATYLCAVRPTSGGSYIPTFGRGTSLIVHFY

(SEQ ID No: 44)

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWERQ
DPGKGLTSLLLIQGWOREQTSGRLNASLDKSSGRSTLYI
AASQPGDSATYLCAVRPTSGGSYIPTFGRGTSLIVEPY
(SEQ ID No: 45)
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Figure 6 {continued)
MQOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLOQWERQ
DPGRKGLTSLLLIMGHOREQTSGRLNASLDKSSGRSTLY!
AASQPGDSATYLCAVRPTSGGSYIPTFGRGTSLIVHPY
(SEQ ID No: 463

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ
DPGRKGLTSLLLIMGTOREQTSGRLNASLDESSGRSETLY]
AASQPODSATYLCAVRPTSGGSYIPTFOGRGTSLIVHPY

{(SEQ ID No: 473

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ
DPGEGLTSLLLIPFWQREQTSGRLNASLDKSSGRSTLYI
AASOPGDSATYLCAVRPLLDGIYIPTFGRGTSLIVHPY
(SEQ ID No: 48)

MOEVIQIPAALSVPRGRNLVLNCSFTDSAIYNLOQWERQ
DPGRGLTSLLLITPWOREQTSGRLNASLDKSSGRSTLYY
AASQPGDSATYLCAVRPLLDGTYIPTFGRGTSLIVHRY
(SEQ I No: 49)

MQEVTQIPAALSYVPEGENLVLNCSFTDSAIYNLQWERQ
DPGKGLTSLLLISPWOREBQTSGRLNASLDKSSGRSTLYI

(SEQ ID No: 563

MQEVTQIPAALSYPEGENLVLNCSFTDSAIYNLOQWERQ
DPGRKGLTSLLLIMGHQREQTSGRLNASLDESSGRSTLY!

(SEGQ ID No: 51
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Figure 6 (continued)
MQOQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLOQWERQ
AASOPGDSATYLCAVRPLLDGIYIPTFGROGTSLIVHPY
{(SEQ ID No: 52)

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ
DPGKGLTSLLLIMGWQREQTSGRLINASLDKSSGRSTLYT

(SEQ ID No: 53)

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWERQ
DPGEGLTSLLLISPWOREQTSGRLNASLDKESSGRSTLYI

AASQPGDSATYLCAVRPLRGGSYIPTFGRGTSLIVEPY
(SRG ID No: 54)

MOEVTQIPAALSVPEGENLVLNCSFTDSAIVYNLQWFRO
DPGKGLTSLLLISPWOREQTSGRLNASLDKSSGRSTLY]
AASQPGDSATYLCAVRPNDGSGSYIPTFGRGTSLIVHPY
(SEQ ID No: 55)

MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ
DPGKGLTSLLLISPWOREQTSGRLNASLDKSSGRSTLYI
AASQPGDSATYLCAVRPAWGOGNYIPTFGRGTSLIVHPY
(SEQ ID Ne: 56)

MQEVTQIPAALSVPEGENLVLINCSFTDSAIYNLOQWERQ
DPGRXGLTSLLLISPWOREQTSGRLNASLDKSSGRSTLYI
AASQPGDSATYLCAVRPAEGGEYIPTFGRGTSLIVHPY
{SEQ ¥ No: 57
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Figure 6 {continuecd)
MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLOQWEFRQ
DPGEGLTSLLLISPWQREQTSGRLNASLEBKSSGRSTLY]
AASQPGCGDSATYLCAVRPETIGGGYIPTFGRGTSLIVH?PY
(SEQ ID No: 58)

MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ
DPGRGLTSLLLISPFWOREQTSGRLNASLDKSSGRSTLYI
AASQOPGDSATYLCAVRPVSGGDYIPTFGRGTSLIVHPY
(SEG 1D No: 59)

MQEVTQIPAALSVYVPEGENLVLNCSFTDSAIYNLQWEFRQ
DPCKGLTSLLLISPWOREQTSGRLNASLDESSGRETLY!
AASQPCGDSATYLCAVRPLDDGGRYIPTFGRGTSLIVHPY
{SEQ D No: 60}

MOQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLOQWERQ
DPGEGLTSLLLISPWOREQTSGRLNASLDESSGRSTLYT
AASQPGDSATYLCAVRPNIGGQYIPTFGRGTSLIVHPY
(SEQ ID No: 61)

MQOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWEFRQ
DPGRKGLTSLLLISPWOREQTSGRLNASLDKSSGRSTLYH
AASQPODSATYLCAVRPIAGGRYIPTFGRGTSLIVHPY
{(SEQ 1D No: 62)

MQOQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ

AASQPGDSATYLCAVRPGTIGGRYIPTFGRGTSLIVHPY
(SEQ ID No: 63}
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Figure 6 {continued)
MOEVTQIPAALSVPEGENLYLNCSFTDSAIYNLQWEFRQ
DPOGKGLTSLLLISPWQREQTSGRLNASLDKSSGRSTLYI
AASQPGDSATYLCAVRPAAGGSDIPTPFGRGTSLIVHPY
{SEQ ID No: 64)

MQEVTQIPAALSYVPEGBNLVLNCSFTDSAIYNLOQWERQ
DPGKGLTSLLLISPWOREQTSGRLNASLDKSSGRSETLY!
AASQPGDSATYLCAVRPLAGGAYIPTFORGTSLIVHEPY
(SRQ ID No: 65)

MQOQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLOWFRQ
DPGEKGLTSLLLISPWOQREQTSGRLNASLDKSSGRETLYY
AASQPCDSATYLCAVRPARGGDYIPTFGRGTSLIVHPY
{SEQ I No: 66)

MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWERQ
DPGKGLTSLLLISPWOREQTSGRLNASLDRKSSGRSTLY]
AASOPGDSATYLCAVRPLGGGIYIPTFGRGTSLIVHPY
(SEQ ID No: 67)

MQEVTQIPAALSVPEGENLVLNCSFTIDSAIYNLOQWERQ
DPGKGLTSLLLISPWOREQTSGRLNASLDKESSGRSTLYI
AASQPGDSATYLCAVRPMGGGRYIPTFGRGTSLIVERY
(SEQ 1D No: 68)

MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWERQ
DPGKGLTSLLLIQGWGOREQTSGRLNASLDKSSGRSETLY!
AASQPGDSATYLCAVRPSVGGNYIPTFGRGTSLIVHPY
(SRQ ID No: 69)
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Figure 6 (continued)
MQOQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWERQ
DPGKGLTSLLLIQGWOREQTSGRLNASLDKSSGRSTLY]

(SEQ 1D No: 70)

MOEVTQIPAALSVPEGENLVLNCSFTDSAIVYNLQWERQ
DPGKGLTSLLLIOGWQREQTSGRLNASLDKSSGRSTLYI
AASQPGDSATYLCAVRPLTGGAYIPTFGRGTSLIVHPY
(SEG ID No: 71}

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ
DPCGKGLTSLLLISPWOQREQTSGRLNASLDKSSGRSTLYY
AASQPODSATYLCAVRPRESGNYIPTFGRGTSLIVHPY

(SEQ ID No: 72)

MQOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFERQ

AASQPODSATYLCAVRPISGGDYIPTFGRGTSLIVHPY
SEQ D No: 73

MOEVTQIPAALSYVPEGENLVLNCSFTDSAIYNLQWERQ
DPGKGLTSLLLIQGWORBOTSGRLNASLDKSSGRSTLYI
AASQPGDSATYLCAVRPAHNGNYIPTFGRGTSLIVHPY
(SEQ ID No: 74)

MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ
DPGKGLTSLLLISPWOREQTSGRLNASLDKSSGRSTLYI
AASQPUDSATYLCAVRPDNIWGTYIPTFGRGTSLIVHPY
(SEQ ID No: 75)
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Figure 6 (continucd)
MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWEFRG
DPOKGLTSLLLIQGWOREQTSORLNASLDKSSGRETLYI
AASQPGDSATYLCAVRPVEGGRYIPTFGRGTSLIVEPY
(SEQ I No: 76)

MQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWERQ
AASQPGDSATYLCAVRPAASGNYIPTFGRGTSLIVHEHPY
(SEQ I No: 77)

CMQBVTQIPAALSVPEGENLVLNCSETDSAIYNLOQWFRQ
DPFGEGLTSLLLIOGWOQREQTSGRLNASLDKSSGRSTLY!
AASQOFGDSATYLCAVRPISCGGEYIPTFGRGTSLIVHPY
(SEQ TD No: 78)

MQEVTOIPAALSYVPEGENLVLNCSFTDSAIYNLOWFRQ
DPGKGLTSLLLISPWOREQTSOGRLNASLDKESSGRETLY!
AASQPGDSATYLCAVRPITGGGYIPTFGRGTSLIVHEPY
(SEQ ID No: 79)

MQOEVTQIPAALSVPEGENLYVLNCSFTDSAIYNLQWERO
DPGKGLTSLLLIQGWQREQTSGRLNASLDKSSGRSTLYI
AASOPGDSATYLCAVRPLEGGAYIPTFGRGTSLIVHPY
(SRO ID No: 80)

MQEVTQIPAALSVPEGENLYVLNCSFTDSAIYNLOWFRO
DPGKGLTSLLLIQGWOREQTSGRLNASLDESSGRSTLY!
AASQPODSATYLCAVRPARGGSYIPTFGRGTSLIVHPY

(SEQ ID No: 81
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Figure 6 {continued)
MOEVTOIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQ
AASQPGDSATYLCAVRPRSTGORYIPTFGRGTSLIVHPY
(SEG ID No: §2)

MOEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWERQ
DPGRKGLYISLLLIQGWOREQTSGRLNASLDKSSGRETLYI
AASQPOGDSATYLCAVRPYDDGGREYIPTFGRGTSLIVHPY
{SEQ H3y No: 8%



U.S. Patent Oct. 13, 2015 Sheet 20 of 41 US 9,156,903 B2

Figure 7

MGVTOTPRKFQVLKTGOSMTLQCAQDMNEBEYMSWYRQ
DPGMGLRLIBYSVGAGITDRGEVPNGYNVSRSTIEDFPL
RLLSAAPSQTSVYFCASSYLOGNTGELFFGEGSRLTVL
{SEQ 1D No: 84)

MOVTQTPKFQVLKTGOSMTLOQUCAQDMNHEYMSWYRQ
DPOMOLRLIHYSVGAGITDQGEVYVPNGYNVSRSTIEDFP
LRLLESAAPSQTSVYFCASSYLGNTGELFFGEGSRLTVL
{SEQ ID No: 85)

MGVTQTPKFOQVLEKTGQSMTLOCAQDMNHEYMSWYRQ
DPGMGLRLIHYSVGAGITDOQGEVPNGYNVSRSTTEDFP
LRLLSAAPSQTSVYFCASSNVGNTGELFFGEGSRLTVL
(SEQ ID No: 86)

MGVTQTPKFQVLETGOSMTLQCAQDMNHEYMSWYRQ
DPOGMGLRLIHYSVGAGITDQGEVPNGYNVSRSTTEDFP
LRLLSAAPSQTSYYFCASSYVGGTGELFFGRGERLTYL
(SEQ ID No: 87)

MGVTOTPEFQVLEKTGOSMTLOQCAQDMNHEYMSWYRQ
DPGMGLRLIHYSVGAGITDQGEVPNGYNVSRSTIEDFPL
RLLSAAPSQTSVYFCASSYVOGNTGELFFGEGSRLTVL
(8EQ 1D No: 88)
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Figure 7 {continued})
MGVTQTPKFQVLETGQSMTLQCAQDMNHEYMSWYRGQ
DPGMGLRLIBYSVGAGITDQGEVENGYNVISRSTTEDEFP
LRLLSAAPSQTSYVYFCASSYLGDTGELFPGEGSRLTVL
{(SEQ ID No: 8%)

MGVTQTPXKFOQVLETGOSMTLOCAQDMNHEYMSWYRQ
DPOMGLRLIHYSVOYGITDQGEVPNGYNVYSRSTTEDRFR
LRLLSAAPSQOTSVYFCASSYLGDTGELFFGEGSRLTVL
{SEQ ID No: 80)

MGVTOTPEFQVLEKTGQSYTLQCAQDMNHEYMSWYRG
LRLLSAAPSQTBVYFCASSYLGDTGRLFFGEGSRLTVL
(SEQ ID No: 91)

MGVTQTPEFQVLKTGQSMTLQCAQDMNHEYMSWYRQ
DPGMGLRLIHYSVEVGMTDOGEVPNGYNVSRSTTEDFP
LRLLSAAPSQTSVYFCASSYVGNTGELFFGEGSRLTVL
(SRQ ID No: 92)

MGVTQTPEKFQVLXTGOSMTLQCAQDMNHBEYMSWYRQ
DPEGMGLRLIHYSVAIQITDQOGEVPNGYNVYSRSESTTEDFPL
RLLSAAPSQTSVYFCASSYVGNTGELFFGEGSRLTVL
(SEQ ID No: 93)

MGVTQTPRFQVLETGOSMTLQCAQDMNHRYMSWYRQ
DPOMGLRLIHYSVAIQOTTDQGEVPNGYNVERSTIEDFPL
RLLSAAPSQTSVYFCASSYLGNTGELFFGEGSRLTIVL
(SEQ 1D No: 94)
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Figure 7 {continued)
MOGVTQOTPKFOQVLEKTGOSMTLQCAQDMNHEEYMSWYRQ
DPGMGLRLIHYSVEVGMTDQGEVENGYNVSRSTIEDF?
LRLLSAAPSQTSVYFCASSYLGNTGELFPGEGSRLTVL
(SEQ ID No: 95

MGVTQTPEFQVLKTGQOSMTLOCAQDMNEEYMSWYRQ
DPGMGLRLIHYSVGAGITDRGEVPNGYNVSRSTIEDFPL
RLLSAAPSQTSVYFCASSYVGVTGELFFGEGSRLTVL
{SEQ 1D No: 96)

MOGVTQTPRFOQVLETGQSMTLQCAQDMNHEYMSWYRG
DPOMGLRLIHYSVGAQGITDRGEVPNGYNVYVSRSTIEDYFPL
RLLSAAPSQOTSVYFCASSYVGDTGELYFFGEGSRLTVL
(SEQ ID No: 97}

MGVTQTPEKFGVILKTGOSMTLQUCAGDMNHEHEYMSWYRQ
DPOMGLRLIHYSVCOAGITDRGEVIENGYNVISRSTIEDFPL
RLLSAAPSQTSVYFCASSYLGRTGELFFGEGSRLTVL
{(SEQ ID No: 88)

MGVTQTPRKFQVLKTGOSMTLQCAQDMNHEEYMSWYRG
DPGMGLRLIHYSVGAGITDRGEVENGYNVSRSTIEDFPL
RLLSAAPSQTSVYFCASSFVGDTGELFFGEGSRLTVL
(SEQ ID No: 99)
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(SEQ ID NO: 102)
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Figare 9

PEX954
gatetogatecogegaaatiaatacgacicacialagggagaccacaasggiticociciagaaataatittpitiaacitianga
aggagatatasiogatpictaacicgagtgacaagictgictgeciattcacegatitigaticteasacasatgigicacasagt
aaggatictgalgtgtatatoacaganaanigtetzciagacatgaggiotatgpacticaagageaacagigetaigecoiy
gageaacaaatcigaciigeatgigeaaacgeoticascaacageattaticeagaagacaccticticcccageccagasa
gitectaagetigaaticegatecggeigotaacasageoogaaaggaageigagtiggoigeigecacegeigagraataa
clageatagccoctiggggoctetaaacgggicttgagegeittitizgeiganaggageaaciaiaiocgrataatictigang
acgasagggecicgtgatacgectatttitataggitaaigicatgataatagtggtiictiagacgigaggtggeaciiitogge
gaastgtgegeggaaccociattigittatitttctaantacaticaaatatgtateogetealigagacaataacoctgataaatge
{toaataaiaititgitaasaticgegtiaaattitigttaaateageicatitittaaccaataggocgaaatoggeasaatocotiat
asaicasaapaafagacogagataggetigagtpiigticeagiitggaacaagagtocaciaitanagaacgiggaciceas
cgicanagggogasasacegiciatcagggogatggoocactacgtgaaccatcaceciaatcaagitittiggaptogage
tecegtasagoactagatcgraaceciaangggagececcgatiiagagetigacggggasagecggogancgioggoga
gazagpaagrEaagaaagegaanggagegeecpctaggeogciggeaagtglageppicacgeigegegiaaccace
acacocgecgegctiaatgegoegetacagggogoegicaggiggoactitteggaraaatgtpogoggaacecelattiglt
tatititctaastacativagalaigiatcogetoatgagacantiaaccotgatasatgoticagianialigaanaaggasgagia
tgagiaticaacatiicegigicgooctiaticoctititigeggealtitpcciiccigittitgetoacceagaaacgetggtgasa
glaaanagatgeigaagatcagiggetacacgagtgggiiacategaactgralcicascagoggiasgatoctigagagtit
fegeecegasgaacgtiticeaatgalgagoacttitaaagitctpotatgtgsogoggtatialocegt giigacgccgggca
agageaacteggic gscgeatacactattsmagaatgacﬁggﬁgagtactcaccagtcacagaaaagcatcitacggatg
geatgacagtaagagastiatgoagtpctocealasceatgagigatascacigeggecaacitaciictgacascgaiogg
aggacogasggagolascogetitiipeacaacaigggggateaiglascicgectigatogitgggancoggagotgaat
gaageoaiaccanacgacgagogigacaccacgatgectgeagoaaiggoancaacgtigegeaaactiattaactigpoga
actacBactetageticecggcancaattaatagaciggatggagpogpataaagtigcaggaccacticigegetoggocs
tooggotggoiggiitatipotzataaaiciggagecggigngegipgsictogoggiateatizeagoantppggocagat
ggtaageectcecgtalogiagiialciacacgacggggagtcaggeancialggatpaacgaaatagacagatcgoigag
ataggs:gcctcactgaﬁaagcaﬁggtaaatgtcagaccé,agtttactcatatatac’ittagattgatttaaaacﬁcatttttaaitt
aszaggatctagptgangatcetitiigataatcicatgaccaaaatcoottaacgigagtiticgiiccacigagegteagace
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Figure 9 {continued)
ccgtagazaagaicaaaggateticltgagatectiititicigegogtaatetgctgotigraaacagaaaaaceacc gotace
agegoiggtitpitigeoggaticaagagetaccascictittocgaaggiaactppcticageagagegeagataccasata
cigtoeitctagigtageegtagttaggooaccacticasgaactetgiageacegectacatacelogoicigetaatortgit
accagiggetgcteceagtgpegatangicgtpicttacegggtiggactcaagacgatagtiaceggataaggegeagey
gtoggeetgaacggggeggticgtgoacacageocagetiggagegaacgacctacacogaacigagatacciacagegt
gagetatgagaaagoegecacgeticcegaagggagasaggogacaggiatcogptaagogecageaicggaacagy
agagegeacgagggagciccagggggasacgootggtatetitatagiceiglegggiticgecacctotgactigagogt
cgattitigigatgcicgicaggzegaeggageotalggaanaacgecagoaacgeggectittiacgpttcelggontitty
clggectitigetoacatgtictitcetgogitateccetgaticigtgrataaccgtatiacogectitgagtpagetgataceget
cgecgoagesgaacgaccgagegoagegagteagigagegaggasgeggaagagogectgatpogptattitctoctta
ogeatctgtgoggtatticacacegraatggtgeacicicagiacaatetgetotgatgoegeatagtiangooagtatacact
cogotategotacgtgactgggteatggetgegencogacacoogecaacaccegeigacgegccotgacggaotigicl
geteceggeatcogoitacagacasgeigtgacegicieegggagotgratgtgicagaggtiticacogtealcaccgaas
CRCECEagEay
(SEQ ID NO: 113)
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Figure {4

PEXRZ]
gatotegatcecgeganatiaatacgactcaciatagggagaccacageggtitcecictaganatagtitigtitaacitiaaga
aggagatatacataigaacgetggisloscicagaccooaaagticeaggiccigaagacaggacagagoatgacactges
gigtgeocaggataigaaccatgaatacaigteeigpialegacaagacecaggealgggectgaggcigativatiactca
gitggigctggtaicactgaccaaggagaagiccecaaiggetiacaaigtotocagaicaaccacagaggattiocogoica
ggotgetgteggetpoicecicecagacatetgigiacticigigecageaggeogggactagroggagapegaccagag
cagtacticgggecggpeaccaggeicacgpicacagaggaceigaasaaogtgiiccoaceogaggiogetgigition
gecatcagaapcagagatoloccacacceassaggecacactiggigigoctggocaccggiticlacocogaccacgtyg
agetgageigetapetraatggrasggapgpiscacagleggelclgnacagaccogoagorecicasggageageceg
cecicaaigaciccagatacgeletgagrageogectigagggicloggccacciictggeaggacececgeaaccactice
getptcaagicoagitctacpggeictogpaganigacgagiggacceaggatagggoecanaccegicacceagategic
agegecgapgoctggggtagapeagactaagettgaaticegatecggcigotascaaagoecogaanggaageigagite
getgeizecaccgoigagenataaciageataacceatiggggeciclaaacgggictigapgggtititigelpasaggay
gaaciatatcoggatastictigaagacgaaagggoctogigatacgoctatititatagatiaatgicatgataataaiggitict
tagacgteaggtggoacttitoggegaaatgigegoggaaccociaitigittatititictaaatacaticaaatatgtatocgeic
atgagacaataacceigatzaatgeticastaataitiipitanaaticgogiiaaatittigitaasicagetcatiititaaccaata
ggocogaaateggeaaaatecctiataaatoaaasgantagacegagataggetigagigitgiiccagtiiggaacaagagt
ccactattaaagaacgtggactccaacgtsaaagggcgaaaaaccgtctatcagggcgatggcccacta«:gtgaaccatca
cooctaatoaagtititesnotogagptecegtanagoactasateggaaccrtaaaggragocceogaitiagagctigae
ggepaaagecggegaacgigpcgaganaggasgigasgasagegaarggagegsecgetagggogeliggoangly
tageggtencgoigegeptancoancacaccegoogegetiaatgogeogciacagggescgicagpiggeactiticgg
gpaasigtgcgeggaaccectattigittatttticianatacaticaastalgtatecgoteatgagacaataacocigataaaty
cticaataatatipaasaaggaagagtateaptaticaacatticegigicgoootiaticecitittige ggoatitigocticetgt
tittgeteacccagaaacgolggigaasgiasaagatgoigaagatcagligggigeacgagiggettacalogaaciggat
cicaacagoegginagateciigagagititcgoeccgaagaacgitticeaatgatgageactitiaaagticigetaigigeeg
cgglattaiceogtgtigacgecgegoaagagcancicggtogocgeatacactaticicagantgactiggitgagtacica
ccagicacagaaaagceatetiacggatootatoacagtaagagaatiatgcagigeigocalagccatgagigataacacty
cggecaatiacticigacaacgatoggaggacegaaggagctaacegettitttgoacaacatgggeoatcatgtaacteg
cottgatoptiggpaaccgragetgastgaagocataccaaacgacgagegigacaceacgatgocigeagraalggeds
caacgiigcgeaaactatiaaciggogaactactiaciclageticecggoaacaatisatagaciggalggapeoggatasa
sitgeagpaccactictgegetoggoceticoggetggotgatttatigoigataantiotggngoogatzagogiaggicicg
cggtateattgeageactggpgocagatgataageesiceegiatogtagitatolacacgacapgaagicaggeaactaty
gatgaacgasatagacagalcgetgagatagatgoctoactgattaageattgptancigicagaccasgiittacicatalaia
cittagattoatitaanacitoatiittaatitaanagpatolaggigaagatoctttitgalaatoteatgaceanaatecetiascgt
gagttitegliceactgagegteagaccecgtagaaaagatcaaaggateticiigagatectitiiticigegoglastotgetg
ciigoaaacasaaaaaccacegotaccageggtegtitptiizcogpatoangagctaccancictitticegaagglaaciyg
geticagoagagegoagataccaaatacigtoctictagigtagecgtagliaggeraccacitcaagaactotgiageaccy
cotacatacctegoloigetastoctgitaccagtppotpotgccagiggegataagtogtpictiacoggetigeacicanga
cgatagitscogpataaggegoageggiogpsctgaacgggesgticgipracacageecageiiggagegaacgacet
acacegaactgagatacciacagegigageiatgagaaagegecacgoticecgangggagasaggoggacaggialoe
gglaageggeagegiogpaacaggagagegcacgagggagoticoagegggaaacgectggtaicittalagiceigic
gegliicgeeaceivigactigagcgtogatiitigigaigotegicaggpepecepagoctal gRasaaacgooageassy



U.S. Patent Oct. 13, 2015 Sheet 27 of 41 US 9,156,903 B2

Figure 1§ {continued}

cpgectifitacggticeiggecttitgotiggeocttitgeteacatgitetitectgegitatooocigaltetigtzpatancogtatia
cogoctitgagtzapctgatacopelogocgeagecgaacgacogagogoagogagicagigagegageaagegsaag
agegecigatgoggiatitictociacgeaicigigeggtatiteacacegeaatggigcacicteagtacaaioigetctgaty
ccgeatagtiaagecagtatacacicegeiatogotacgigaciggaicat gEolgogcCooganaccogooaacacooge
tgacgegeceigacggactigioigeteeoggeatcogeitacagacaagetgigacegictecgggagctpoatgtpteag
aggitticaccgicatcaccgazacgogegagacag

(SEQIDNG: 114)
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Figure 11
pEX202

galcicgaiceegeganatiaatacgacteactatagggagaceacaacggiticeciotaganataatitigtitanctitasga
aggagalatacatatgeagaaggaapispagcagaaciciggaceectcagipitceagagggagocatigeeteteteas
cigeactiacagtgacegaggticecagicetictictggtacagacaatalicigggaanagecetgagitpataaigiccala
tactcosatgpigacaaagaagatgeraggittacageacageicaatasagecagecagtatgiticicigeicatcagaga
clecocageceagigaticagecacctacoictgigongiiacaactgacagetgegepaaatigoagtitggageagegace
caggtigtggtoaccccagatatceagaacecigacocigoogiglaccageligagagacictasatocagtgacaagicty
tefgeetaticacogattitgaticicanacasatgigicacaaagtaaggaticigatgtetatalcacagacaaaacigigeta
gacaigagotctatgeacticaagageascagtgetgigaoctiggageaacaantcigactiigealgigeaaacgoctica
acascageaifaticeagaagacacetictiooccageccagasagticococggggptagaatogeeoggoiggaggaa
aaggigasaacciigaaageicagaacicggagotggegtesacggocaacatgoicagggaacagpiggracagctiaa
acagaaagtcatgaaciactaggatocatgglaagoitgaaticegatocggoigelagcanagoccgaagggaagotgagy
Hggoigelgecacegotgageaatanctageataaccoctigageocicianacgggictipagppatitifigeigaangy
aggaactatatceggataalictigaagacgaaaggaccicglgatacgectatititatagetiaatgicatgataataatpett
tctiagacgicaggtgpeactiticggggaasigtycgeggaaccoctattigtitatititotanatacaticanatatgtatceg
cteatgagacaatasccotigataaatgeticastaatatttigitazaatiogegitaastititgtiaaateagetcatiitiiancea
atagpeogasaicgecanaatcceitataaalcaaaagaatagacegagatagegtigagigiigitceagitiggaacanga
giccaciatisangaacgiggaciccascgicasaggpogaasaaccgiclalcagggogatggoocaciacgigaaccal
caccotaatcaagtittitgguriepaggtacegtasageactasaloggaacectasagggagceccogaitiagagetig
ACgEREAAAECCEROgACElgBCRAHARAEFASgINaagAaNgCEARAgRARCEEEcEcagEEcgcigpoaag
igtageggicacgetgogogtaaccaccacacoogeogegoitantgegoegetacagggogegteagetyggcacititcg
gepaaatgigegeggaaceectattigitiattiticiaaatacaticaastaigtalocgeteatgagacastaacocigataant
gcticaataataﬁgaaaaaggaagagtatgagéaitcaacatttscgtg’tcgccsttaﬁccctiﬁﬁgcggsattttgcc‘ctcct
gittitgcicacocagasacgeiggtpanagtanaagaigeigaagaicagtigpatacacgagtgegttacategaacigy
sictcaacagepplasgatecttgagagiiticgeceegaagaacgiiticoaat gatgagractiitaaagitctgctatgigy
cgeggtatiatcoogigitgacgoogpacangageaactoggicgongoatacaciaticteagaatgacitggtigagtact
caccagicacagasaageatctiacggatpecatgacagtaagagaaitatpeagigctgocatasceatgagizataacas
tgoggecaaciacitctgacagcgaicggaggaccgasggagotasccgotititigeacaacalgaegaatoalgtaact
cgocttgategtizpgascoggagetgaatgaagocataccaaacgacgagogtgacaccacgatgccipeagoaatgge
aacaacgitgegeasaciatiaactggoganciactiactotageticocggoascaatiastagactgealggaggegaata
aagtigeaggaccacticigegetoggoccticogeetpgoippiitatigotgatasaiotggagecptpagegtiaggict
cgoggtateatigeageacigpggoecagalgglaageceteecgtaloglagtiaiclacacgacggggagicaggeaact
atggatgaacpgaaatagacagaicgetgagalaggteccicactigatiaageatipggtaactigicagaccangitiactoatal
atactitagatigatiiaaaacticatititaattiasaagpatctaggigaagaicotitiigatanicicatgancaaaatooctian
cgtgagtiticpitecactgagegicagaceeegiagaasagaicanaggatetictigagatectitititetgege gtaatelyg
cigetigeaszacaaaagaaccaccgotaccageggiegitistigcoggateaagagctaccaacictitiiceganggiaa
ciggoticageagagegoagataccaastactgiootictagigtapoogtagtiaggecaccactivasgaacietgtagea
cegectacatacctegetetpetaatectghiaccagtgpotpcteccagtggogataagiogtpictiacogaptizpacics
agacgatagitacoggataaggogeageggioggpoigaacggggssiicgigescacagoceagoltggagogaacy
acclacacogaacigagatacciacagegigagetalgaganagogocacgoticocgaagggagasaggoggacaggt
atceggiangegpoagggloggaacageagagoegcacgagegageticcagggegasacgeciggiatotitatagioct
gleggeiticgecaccicigactigagegtegatiitigtoatgotegicaggpeopgeggagectaigeasaaaacgecagea
acgeggocitifiacggticoiggesittigotegootitigetoacatgiiotticotgogitateccotgaticigiggaiaacegt
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Figure 11 (continued)

attaccgectitgagigagetgatacogeicgeogoagoogaacgacegagogeagegagioagigagogaggangegg
aagagcgesigalgoggtatiticicctiacgoaicigigeggtatiicacacogoastggigeacteteaglacaatclgotot
gatgeogeatagtiaagecagtatacacicegetategetacgigactgggioaiggotgogoceogacaccogoeaanss
cogetgacgegeocigacggcitpictgetoceggeateogetiacagacaageigigacegictcogggagotgratgt
gicagaggititcacegivaicacogaaacgCgogaggoag

{(SEQ ID NO: 115)
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Figure 12
pEX205

gatcicgatccegegaaattaatacgactcactatagggagaccacaacggtitcectctagaaataattitgtttaactitaagaaggagat
atacatatgaacgctggtgtcactcagaccccaaaattccaggtectgaagacaggacagageatgacactgeagtgtgcccaggatat
gaaccatgaatacatgicctggtatcgacaagacccaggeatggggctgaggetgattcattactcagitggtactggtatcactgacea
aggagaagtccccaatggetacaatgiciccagatcaaccacagaggatttccegeteaggetgetgteggetgeteceteccagacat
ctgtgtacttcigtgecageaggeogggactagegggagggegaccagageagtacticgggeogggeaccaggetcacggtcaca
gaggacctgaaaaacgtgticccaccegaggicgetgtptttgagecatcagaageagagatetcccacaccecaaaaggecacactgg
tgtgcctggecacaggotictacccegaccacgtggagetgagetggtgpgtgaatgpgaaggapptscacagtgggptcageaca
gacccgeageccctcaaggageageecgecctcaatgactccagatacgetctgageageogeetgagggtetcggecacctictgg
caggaccccegeaaccacttcogeigtcaagiceagttctacgggetcteggagaatgacgagtggacccaggatagggecaaacce
gtcacccagategtcagegeogaggcectggggtagageagacccogggggtetgactgatacactccaageggagacagatcaactt
gaagacaagaagtctgegtigeagaccgagattgecaatctactgaaagagaaggaaaaactagagticatectggeagettacggate
cggtggtagtetgaacgatatititgaageicagaaaatcgaatggeattaagettgaaticcgaiceggetgetaacaaagecegaaag
gaagetgagttggetgctgecaccgetgageaataactageataacecetiggggectctaaacgggtettgaggggttittigetgaaa
gegaggaactatatccggataattctigaagacgaaagggeetegtgatacgectatttttatagpttaatgteatgataataatggtitctiag
acgtcaggtggeactiticggggaaatgtgegeggaaccectattigtitatittictaaatacattcaaatatgtatcegeteatgagacaat
aaccetgataaatgeticaataatatittgttaaaaticgegttaaattittpttanatcageteatttittaaccaataggeopaaatoggeaaa
atcccttataaatcaaaagaatagacocgagatagggitgagtgtigticcaglitggaacaagagtccactatiaaagaacgtggacteca
acgtcaaagggcgaaaaaccgtctatcagggegatggeccactacgtgaaccatcaceotaatcaagtittttgggptegaggtgecgt
aaagcactaaaicggaaccetaaagggageccecgatitagagettgacggggaaageoggegaacgtggegagaaaggaaggga
agaaagcgaaaggagcgggegetagggegetggeaagtgtageggtcacgetgegegtaaccaccacaccegecgegettaatge
gecgetacagggegegtcaggtggeacttiicggggaaatgtgegeggaaccecctatitgtitatititctaaatacattcaaatatgtatee
getcatgagacaataaccetgataaatgeticaataatatigaaaaaggaagagtatgagtaticaacatttecgigtegecettattecctit
titgeggeatitigecticetgtititgetcacccagaaacgeiggigaaagtaaaagatgetgangatcagitgggtgcacgagtggptta
catcgaactggatctcaacageggtaagatecttgagagitttcgecocegaagaacgtittccaatgatgageacttttaaagttctgetatg
tggegeggtattatccegtgttgacgeegggcaagageaacteggtegecgeatacactattctcagaatgacttggtigagtactcace
agtcacagaaaagcatcttacggatggeatgacagtaagagaattatgeagtgctgecataaccatgagigataacactgeggecaactt
acttctgacaacgatcggaggaccgaaggagetaaccgotitittgcacaacatgggggatcatgtaactegecttgategtigggaace
geagetgaatgaagecataccaaacgacgagegtgacaccacgatgectgcageaatggeaacaacgttgegeaaactattaactgg
cgaactacttactetageticceggeaacaatiaatagactggatggaggeggataaagttgecaggaccactictgegetoggccottce
ggetgactggatttattgetgataaatetpgagecgatgagegtgggtetegeggtateattgeageactggggecagatggtaageccte
ccgtatcgtagttatctacacgacggggagtcaggeaactatggatgaacgaaatagacagategetgagataggtgceteactgattaa
geattggtaacigicagaccaagittactcatatatacttiagattgatitaaaacttcatttitaatitaaaaggatctaggtgaagatcctitttg
ataatctcatgaccaaaatcecttaacgtgagttitcgticcactgagegtcagaceecgtagaaaagatcaaaggatcticttgagatectt
tititctgegeptaatetgelgetigeaaacaaaaaaaccacegeotaccageggiggtitgtitgccggatcaagagotaccaactctititc
cgaaggtaactggcticagcagagegeagataccaaatactgtecttotagtgtageegtagttaggecaccacticaagaactcigtag
caccgectacatacctegetctgetaatectgtiaccagtggetgetgecagtggogataagtegtgtettacogggttggactcaagacg
atagttaccggataaggcegeageggtegggetgaacggggggticgtgeacacageecagetiggagegaacgacctacaccgaac
tgagatacctacagcgigagcetatgagaaagegecacgetticccgaagggagaaaggeggacaggtatceggtaageggeagggic
ggaacaggagagegeacgagggageticcagggggaaacgeetggtatetttatagtectgicgggtttcgecacctetgactigage
gtcgatttitgtgatgctegtcaggggegeggagectatggaaaaacgecageaacgeggecttittacggticetggecttttgetggee
tittgotcacatgttctticctgogtiatccectgatictgtggataaccgtattaccgecttigagtgagetgatacegetogecgeageega
acgaccgagegeagegagtcagigagegaggaageggaagagegectgatgeggtatitictectiacgeatetgigeggtatttcaca
cecgeaatggtgeactctcagtacaateigetctgatgecgeatagitaagecagtatacacteegetatcgetacgtgacigggteatgge
tgegececegacaccegecaacaccegetgacgegecctgacgggcttgtotgetecegggateegettacagacaagetgtgacegte
tcogggagetgeatgtgtcagaggtiticaccgicatcaccgaaacgegegaggeag (SEQ ID NO: 116)
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Figure 13

MGVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRQ
DPGMGLRLIHYSVAIQTTDQGEVPNGYNVSRSTIEDFPL
RLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL
(SEQ ID No: 117)

MGVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRQ
DPGMGLRLIHYSVAIOTTDRGEVPNGYNVSRSTIEDFPL
RLLSAAPSQTSVYFCASSYLGNTGELFFGEGSRLTVL
(SEQ ID No: 118)

MGVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRQ
DPGMGLRLIHYSVAIOTTDQGEVPNGYNVSRSTIEDFPL
RLLSAAPSQTSVYFCASSYVGNTGELFFGEGSRLTVL
(SEQ ID No: 119)

MGVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRQ
DPGMGLRLIHYSVSVGMTDRGEVPNGYNVSRSTTEDFP
LRLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL

(SEQ ID No: 120)

MGVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRQ
DPGMGLRLIHYSVAIQTTDRGEVPNGYNVSRSTIEDFPL
RLLSAAPSQTSVYFCASSYVGNTGELFFGEGSRLTVL
(SEQ ID No: 121)
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Figure 14a
C58c61 alpha with TRAC

MKQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFR
QDPGKGLTSLLLITPWQREQTSGRLNASLDKSSGRSTLY
JAASQPGDSATYLCAVRPLLDGTYIPTFGRGTSLIVHPYI
QNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDS
DVYITDK

(SEQ ID NO: 122)

Figurxe 14b
C58c61 beta with TRBC1

MNAGVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWY
RQDPGMGLRLIHYSVAIQTTDQGEVPNGYNVSRSTIEDF
PLRLLSAAPSQTSVYFCASSYLGNTGELFFGEGSRLTVL
EDLNKVFPPEVAVFEPSEAEISHTQKATLVCLATGFFPD
HVELSWWVNGKEVHSGYV

(SEQ ID NO: 123)

Figure 14c
C58c61 beta with TRBC2

MNAGVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWY
RQDPGMGLRLIHYSVAIQTTDQGEVPNGYNVSRSTIEDF
PLRLLSAAPSQTSVYFCASSYLGNTGELFFGEGSRLTVL

EDLKNVFPPEVAVFEPSEABISHTQKATLVCLATGFYPD

HYELSWWVNGKEVHSGYV

(SEQ ID NO: 124)



U.S. Patent Oct. 13, 2015 Sheet 33 of 41 US 9,156,903 B2

Figure 14d

C58c61 beta with TRBC2 fused to wt human IL-2
MNAGVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWY
RQDPGMGLRLIHYSVAIQOTTDQGEVPNGYNVSRSTIEDF
PLRLLSAAPSQTSVYFCASSYLGNTGELFFGEGSRLTVL
EDLKNVFPPEVAVFEPSEAEISHTQKATLVCLATGFYPD
HVELSWWVNGKEVHSGVPGAPTSSSTKKTQLQLEHLLL
DLOMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLQCL
EEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSE
TTFMCEYADETATIVEFLNRWITFCQSIISTLT

(SEQ ID NO: 125)
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Figure 15a
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Figure 16
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Figure 17
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Figure 18
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Figure 19
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Figure 20
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Figure 21

- High affinity A2/NY-ESO TcR (0.02 - 0.6 mgkg™!)
administered days 5, 6, 7, 8, 11, 13, 17, 20, 24, 28, 30.
- saline only control

- 400
§

-
[~
(-]

~~ 300 300 -
)
E 200 200
E 100 100
N 10 15 20 25 30 35 40 10 15 20 25 30 35 40
Ll ]
0
3= 400 400 ¢
Q
E 300 300
E 200 200
100 100
0 0
10 15 20 25 30 35 40 10 15 20 25 30 35 40

Days post engraftment



U.S. Patent Oct. 13, 2015 Sheet 41 of 41 US 9,156,903 B2

Figure 22
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1
HIGH AFFINITY NY-ESO T CELL
RECEPTORS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 11/596,458, filed Oct. 28, 2008, now U.S. Pat. No. 8,143,
376, which is a U.S. National Phase of PCT/GB2005/001924,
filed May 18, 2005, which published as WO 2005/113595 on
Dec. 1, 2005, which claims the benefit of GB Application No.
0411123.3 filed May 19, 2004 and GB Application No.
0419643 .2 filed Sep. 3, 2004.

The foregoing applications, and all documents cited
therein or during their prosecution (“appln cited documents™)
and all documents cited or referenced in the appln cited docu-
ments, and all documents cited or referenced herein (“herein
cited documents™), and all documents cited or referenced in
herein cited documents, together with any manufacturer’s
instructions, descriptions, product specifications, and product
sheets for any products mentioned herein or in any document
incorporated by reference herein, are hereby incorporated
herein by reference, and may be employed in the practice of
the invention.

The present invention relates to T cell receptors (TCRs)
having the property of binding to SLLMWITQC (SEQ ID
NO:126)-HLA-A*0201 and comprising at least one TCR a
chain variable domain and/or at least one TCR  chain vari-
able domain characterized in that said TCR has a KD for the
said SLLMWITQC (SEQ ID NO:126)-HLA-A*0201 com-
plex of less than or equal to 1 uM and/or has an off-rate (k, ;)
for the SLLMWITQC (SEQ ID NO:126)-HLA-A*0201
complex of 1x107> S7* or slower.

BACKGROUND TO THE INVENTION

The SLLMWITQC (SEQ ID NO:126) peptide is derived
from the NY-ESO-1 protein that is expressed by a range of
tumours (Chenetal., (1997) PNAS USA 94 1914-1918). The
Class I HLA molecules of these cancerous cells present pep-
tides from this protein, including SLLMWITQC (SEQ ID
NO:126). Therefore, the SLLMWITQC (SEQ ID NO:126)-
HLA-A2 complex provides a cancer marker that TCRs can
target, for example for the purpose of delivering cytotoxic or
immuno-stimulatory agents to the cancer cells. However, for
that purpose it would be desirable if the TCR had a higher
affinity and/or a slower off-rate for the peptide-HLLA complex
than native TCRs specific for that complex.

BRIEF DESCRIPTION OF THE INVENTION

This invention makes available for the first time TCRs
having high affinity (K,,) of the interaction less than or equal
to 1 uM, and/or a slower off-rate (k ;) of 1x107> S™* or slower,
for the SLLMWITQC (SEQ ID NO:126)-HLA-A*0201
complex. Such TCRs are useful, either alone or associated
with a therapeutic agent, for targeting cancer cells presenting
that complex.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a T-cell receptor (TCR)
having the property of binding to SLLMWITQC (SEQ ID
NO:126)-HLA-A*0201 and comprising at least one TCR a
chain variable domain and/or at least one TCR  chain vari-
able domain characterized in that said TCR has a K, for the
said SLLMWITQC (SEQ ID NO:126)-HLA-A*0201 com-

40

45
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plex of less than or equal to 1 uM and/or has an off-rate (k, ;)
for the SLLMWITQC (SEQ ID NO:126)-HLA-A*0201
complex of 1x107* =" or slower. The K, and/or (k) mea-
surement can be made by any of the known methods. A
preferred method is the Surface Plasmon Resonance (Bia-
core) method of Example 5.

For comparison, the interaction of a disulfide-linked
soluble variant of the native 1G4 TCR (see SEQ ID NO: 9 for
TCR o chain and SEQ ID NO: 10 for TCR  chain) and the
SLLMWITQC (SEQ ID NO:126)-HLA-A*0201 complex
has a K, of approximately 10 uM, an off-rate (k) of 1.28x
107! S7! and a half-life of 0.17 minutes as measured by the
Biacore-base method of Example 5.

The native 1G4 TCR specific for the SLLMWITQC (SEQ
1D NO:126)-HLA-A*0201 complex has the following Val-
pha chain and Vbeta chain gene usage:

Alpha chain—TRAV21

Beta chain:—TRBV 6.5

The native 1G4 TCR can be used as a template into which
various mutations that impart high affinity and/or a slow
off-rate for the interaction between TCRs of the invention and
the SLLMWITQC (SEQ ID NO:126)-HLA-A*0201 com-
plex can be introduced. Thus the invention includes TCRs
which are mutated relative to the native 1G4 TCR o chain
variable domain (see FIG. 1a and SEQ ID No: 1) and/or
chain variable domain (see FIG. 16 and SEQ ID NO: 2) in at
least one complementarity determining region (CDR) and/or
variable domain framework region thereof. It is also contem-
plated that other hypervariable regions in the variable
domains of the TCRs of the invention, such as the hypervari-
able 4 (HV4) regions, may be mutated so as to produce a high
affinity mutant.

Native TCRs exist in heterodimeric a3 or yd forms. How-
ever, recombinant TCRs consisting of a single TCR e or TCR
[ chain have previously been shown to bind to peptide MHC
molecules.

Inone embodiment the TCR of the invention comprise both
an o chain variable domain and an TCR p chain variable
domain.

As will be obvious to those skilled in the art the mutation(s)
in the TCR a chain sequence and/or TCR f chain sequence
may be one or more of substitution(s), deletion(s) or
insertion(s). These mutations can be carried out using any
appropriate method including, but not limited to, those based
on polymerase chain reaction (PCR), restriction enzyme-
based cloning, or ligation independent cloning (LIC) proce-
dures. These methods are detailed in many of the standard
molecular biology texts. For further details regarding poly-
merase chain reaction (PCR) mutagenesis and restriction
enzyme-based cloning see (Sambrook & Russell, (2001)
Molecular Cloning—A Laboratory Manual (3’ Ed.) CSHL
Press) Further information on LIC procedures can be found in
(Rashtchian, (1995) Curr Opinr Biotechnol 6 (1): 30-6)

It should be noted that any a.f TCR that comprises similar
Valpha and Vbeta gene usage and therefore amino acid
sequence to that of the 1G4 TCR could make a convenient
template TCR. It would then be possible to introduce into the
DNA encoding one or both of the variable domains of the
template aff TCR the changes required to produce the
mutated high affinity TCRs of the invention. As will be obvi-
ous to those skilled in the art, the necessary mutations could
be introduced by a number of methods, for example site-
directed mutagenesis.

The TCRs of the invention include those in which one or
more of the TCR alpha chain variable domain amino acids
corresponding to those listed below are mutated relative to the
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amino acid occurring at these positions in the sequence pro-
vided for the native 1G4 TCR alpha chain variable domain in
FIG. 14 and SEQ ID No: 1.

Unless stated to the contrary, the TCR amino acid
sequences herein are generally provided including an N-ter-
minal methionine (Met or M) residue. As will be known to
those skilled in the art this residue may be removed during the
production of recombinant proteins. Furthermore, unless
stated to the contrary, the soluble TCR and TCR variable
domain sequences have been truncated at the N-terminus
thereof. (Resulting in the lose of the N-terminal “K” and
“NA” in the TCR alpha and beta chain sequences respec-
tively). As will be obvious to those skilled in the art these
“missing” N-terminal TCR residues may be re-introduced
into the TCRs of the present invention. As will also be obvious
to those skilled in the art, it may be possible to truncate the
sequences provided at the C-terminus and/or N-terminus
thereof, by 1, 2, 3, 4, 5 or more residues, without substantially
affecting the pMHC binding characteristics of the TCR, all
such trivial variants are encompassed by the present inven-
tion.

Asused herein the term “variable domain” is understood to
encompass all amino acids of a given TCR which are not
included within the constant domain as encoded by the TRAC
gene for TCR a chains and either the TRBC1 or TRBC2 for
TCR f chains (T cell receptor Factsbook, (2001) LeFranc and
LeFranc, Academic Press, ISBN 0-12-441352-8)

As is known to those skilled in the art, part of the diversity
of'the TCR repertoire is due to variations which occur in the
amino acid encoded by the codon at the boundary between the
variable domain, as defined herein, and the constant domain.
For example, the codon that is present at this boundary in the
wild-type 1G4 TCR sequence results in the presence of the
Tyrosine (Y) residue at the C-terminal of the variable domain
sequences herein. This Tyrosine replaces the N-terminal
Asparagine (N) residue encoded by the TRAC gene shown in
FIG. 8A.

Embodiments of the invention include mutated TCRs
which comprise mutation of one or more of alpha chain
variable domain amino acids corresponding to: 20V, 51Q,
528, 538, 94P, 95T, 968, 97G, 98G, 998, 100Y, 1011 and
103T, for example the amino acids:

20A

51P/S/T or M

52P/F or G

53W/HorT

94Hor A

9SL/M/A/Q/Y/E/N/F/V/N/G/S/D or R

96L/T/Y/TQ/VIE/X/IA/W/R/G/H/D or K

97D/N/V/S/T or A

98P/H/S/T/W or A

99T/Y/D/H/VIN/E/G/Q/K/A/T or R

100F/M or D

101P/T/ or M

103A

The numbering used above is the same as that shown in
FIG. 14 and SEQ ID No: 1

Embodiments of the invention also include TCRs which
comprise mutation of one or more of the TCR beta chain
variable domain amino acids corresponding to those listed
below, are relative to the amino acid occurring at these posi-
tions in the sequence provided for the native 1G4 TCR alpha
chain variable domain of the native 1G4 TCR beta chain in
FIG. 15 and SEQID No: 2. The amino acids referred to which
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may be mutated are: 18M, 50G, 51A, 52G, 531, 55D, 56Q,
70T, 94Y, 95V and 97N, for example:

18V

50SorA

51Vorl

52Q

53T orM

55R

56R

701

94N or F

95L

97GorD

The numbering used above is the same as that shown in
FIG. 156 and SEQ ID No: 2

Further preferred embodiments of the invention are pro-
vided by TCRs comprising one of the mutated alpha chain
variable domain amino acid sequences shown in FIG. 6 (SEQ
ID Nos: 11 to 83). Phenotypically silent variants of such
TCRs also form part of this invention.

Additional preferred embodiments of the invention are
provided by TCRs comprising one of the mutated beta chain
variable domain amino acid sequences shown in FIG. 7 or 13.
(SEQ ID Nos: 84 to 99 or 117 to 121). Phenotypically silent
variants of such TCRs also form part of this invention.

Native TCRs exist in heterodimeric a3 or yd forms. How-
ever, recombinant TCRs consisting of act or 3 homodimers
have previously been shown to bind to peptide MHC mol-
ecules. Therefore, one embodiment of the invention is pro-
vided by TCR aa or TCR B homodimers.

Further preferred embodiments are provided by TCRs of
the invention comprising the alpha chain variable domain
amino acid sequence and the beta chain variable domain
amino acid sequence combinations listed below, phenotypi-
cally silent variants of such TCRs also form part of this
invention:

Beta chain variable
domain sequence,

Alpha chain variable
domain sequence,

SEQ ID NO: SEQ ID NO:
1 84
1 85
1 86
1 87
1 88

11 84
12 84
12 85
12 90
11 85
11 86
11 92
11 93
13 86
14 84
14 85
15 84
15 85
16 84
16 85
17 86
18 86
19 84
20 86
21 84
21 85
22 84
23 86
24 84
25 84
26 84
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5 6
-continued -continued
Alpha chain variable Beta chain variable Alpha chain variable Beta chain variable
domain sequence, domain sequence, domain sequence, domain sequence,
SEQ ID NO: SEQ ID NO: 5 SEQ ID NO: SEQ ID NO:

27 84 83 92
28 84 11 96
29 84 11 97
30 84 11 98
31 84 11 99
32 84 10 1 89
33 84 50 117
20 86 49 117
34 86 50 118
35 89 49 119
36 89 50 119
37 89 15 58 93
38 89 49 118
39 89 1 119
16 89 1 117
17 89 55 120
31 89 56 120
40 89 20 50 121

1 90 50 120

1 91 49 121
41 90 49 120
42 2 48 118
42 85 53 95
42 92

1 92 23

1 93 Preferred embodiments provide a TCR of the invention
ii g; comprising:
45 9 the alpha chain variable domain shown in the SEQ ID NO:
46 92 49 and the beta chain variable domain shown in the SEQ ID
i; 2421 30 NO: 94, or phenotypically silent variants thereof.
49 04 In another preferred embodiment TCRs of the invention
50 84 comprising the variable domain combinations detailed above
2? gj further comprise the alpha chain constant region amino acid
51 o5 55 Sequence shown in FIG. 84 (SEQ ID NO: 100) and one of the

1 94 beta chain amino acid constant region sequences shown in

1 85 FIGS. 86 and 8¢ (SEQ ID NOs: 101 and 102) or phenotypi-
2 i gi cally silent variants thereof.
52 94 As used herein the term “phenotypically silent variants™ is
52 95 40 understood to refer to those TCRs which have a K, for the
> " said SLLMWITQC (SEQ ID NO:126)-HLA-A*0201 com-
49 94 plex of less than or equal to 1 pM and/or have an off-rate (k)
54 92 of 1x107> S7! or slower. For example, as is known to those
22 g; skilled in the art, it may be possible to produce TCRs that
57 02 45 incorporate minor changes in the constant and/or variable
58 92 domains thereof compared to those detailed above without
59 92 altering the affinity and/or off-rate for the interaction with the
€0 92 SLLMWITQC (SEQ ID NO:126)-HLA-A*0201 complex.
61 92 o . . : L
62 92 Such trivial variants are included in the scope of this inven-
63 92 50 tion. Those TCRs in which one or more conservative substi-
64 92 tutions have been made also form part of this invention.
22 g; In one broad aspect, the TCRs of the invention are in the
67 92 form of either single chain TCRs (scTCRs) or dimeric TCRs
68 92 (dTCRs) as described in WO 04/033685 and WO 03/020763.
69 92 55 A suitable scTCR form comprises a first segment consti-
70 92 tuted by an amino acid sequence corresponding to a TCR o
n 92 chain variable domain, a second segment constituted by an
72 92 . . . . :
73 9 amino acid sequence corresponding to a TCR [ chain variable
74 92 domain sequence fused to the N terminus of an amino acid
75 92 60 sequence corresponding to a TCR f§ chain constant domain
76 92 extracellular sequence, and a linker sequence linking the C
77 92 terminus of the first segment to the N terminus of the second
s 2 segment.
79 92 . .
30 92 Alternatively the first segment may be constituted by an
81 92 65 amino acid sequence corresponding to a TCR [ chain variable
82 92 domain, the second segment may be constituted by an amino

acid sequence corresponding to a TCR a chain variable
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domain sequence fused to the N terminus of an amino acid
sequence corresponding to a TCR a chain constant domain
extracellular sequence

The above scTCRs may further comprise a disulfide bond
between the first and second chains, said disulfide bond being
one which has no equivalent in native ap T cell receptors, and
wherein the length of the linker sequence and the position of
the disulfide bond being such that the variable domain
sequences of the first and second segments are mutually ori-
entated substantially as in native aff T cell receptors.

More specifically the first segment may be constituted by
an amino acid sequence corresponding to a TCR « chain
variable domain sequence fused to the N terminus of an
amino acid sequence corresponding to a TCR a chain con-
stant domain extracellular sequence, the second segment may
be constituted by an amino acid sequence corresponding to a
TCR f chain variable domain fused to the N terminus of an
amino acid sequence corresponding to TCR { chain constant
domain extracellular sequence, and a disulfide bond may be
provided between the first and second chains, said disulfide
bond being one which has no equivalent in native o T cell
receptors.

Inthe above scTCR forms, the linker sequence may link the
C terminus of the first segment to the N terminus ofthe second
segment, and may have the formula -PGGG-(SGGGG),,-P-
wherein n is 5 or 6 and P is proline, G is glycine and S is
serine.

(SEQ ID NO: 103)
-PGGG-SGGGGSGGEGESGEGEGESGGGESGGEG-P
(SEQ ID NO: 104)

-PGGG-SGGGGSGGGGESGEGEESGEGESGGEGSGEGEG-P

A suitable dTCR form ofthe TCRs of the present invention
comprises a first polypeptide wherein a sequence correspond-
ingto a TCR a chain variable domain sequence is fused to the
N terminus of a sequence corresponding to a TCR a chain
constant domain extracellular sequence, and a second
polypeptide wherein a sequence corresponding to a TCR
chain variable domain sequence fused to the N terminus a
sequence corresponding to a TCR [} chain constant domain
extracellular sequence, the first and second polypeptides
being linked by a disulfide bond which has no equivalent in
native o T cell receptors.

The first polypeptide may comprise a TCR a chain variable
domain sequence is fused to the N terminus of a sequence
corresponding to a TCR a chain constant domain extracellu-
lar sequence, and a second polypeptide wherein a sequence
corresponding to a TCR f chain variable domain sequence is
fused to the N terminus a sequence corresponding to a TCR
chain constant domain extracellular sequence, the first and
second polypeptides being linked by a disulfide bond
between cysteine residues substituted for Thr 48 of exon 1 of
TRAC*01 and Ser 57 of exon 1 of TRBC1#01 or TRBC2%01
or the non-human equivalent thereof. (“TRAC” etc. nomen-
clature herein as per T cell receptor Factsbook, (2001)
LeFranc and LeFranc, Academic Press, ISBN 0-12-441352-
8)

The dTCR or scTCR form of the TCRs of the invention
may have amino acid sequences corresponding to human a3
TCR extracellular constant and variable domain sequences,
and a disulfide bond may link amino acid residues of the said
constant domain sequences, which disulfide bond has no
equivalent in native TCRs. The disulfide bond is between
cysteine residues corresponding to amino acid residues
whose [} carbon atoms are less than 0.6 nm apart in native
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TCRs, for example between cysteine residues substituted for
Thr 48 of exon 1 of TRAC*01 and Ser 57 of exon 1 of
TRBC1*01 or TRBC2*01 or the non-human equivalent
thereof. Other sites where cysteines can be introduced to form
the disulfide bond are the following residues in exon 1 of
TRAC*01 for the TCR o chain and TRBC1*01 or
TRBC2*01 for the TCR f chain:

Native p carbon
TCR @ chain TCR P chain separation (nm)
Thr 45 Ser 77 0.533
Tyr 10 Ser 17 0.359
Thr 45 Asp 59 0.560
Ser 15 Glu 15 0.59

In addition to the non-native disulfide bond referred to
above, the dTCR or scTCR form of the TCRs of the invention
may include a disulfide bond between residues corresponding
to those linked by a disulfide bond in native TCRs.

The dTCR or scTCR form of the TCRs of the invention
preferably does not contain a sequence corresponding to
transmembrane or cytoplasmic sequences of native TCRs.

Preferred embodiments of the invention provide a soluble
TCR consisting of:

the alpha chain amino acid sequence of SEQ ID NO: 122
and beta chain amino acid sequence SEQ ID NO: 123:

the alpha chain amino acid sequence of SEQ ID NO: 122
and beta chain amino acid sequence SEQ ID NO: 124;

SEQ ID NOs: 122, 123 and 124 have been provided in a
form which includes the N-terminal methionine (M) and the
N-terminal “K” and “NA” in the TCR alpha and beta chain
sequences respectively.

PEGylated TCR Monomers

In one particular embodiment a TCR of the invention is
associated with at least one polyalkylene glycol chain(s). This
association may be cause in a number of ways known to those
skilled in the art. In a preferred embodiment the polyalkylene
chain(s) is/are covalently linked to the TCR. In a further
embodiment the polyethylene glycol chains of the present
aspect of the invention comprise at least two polyethylene
repeating units.

Multivalent TCR Complexes

One aspect of the invention provides a multivalent TCR
complex comprising at least two TCRs of the invention. In
one embodiment of this aspect, at least two TCR molecules
are linked via linker moieties to form multivalent complexes.
Preferably the complexes are water soluble, so the linker
moiety should be selected accordingly. Furthermore, it is
preferable that the linker moiety should be capable of attach-
ment to defined positions on the TCR molecules, so that the
structural diversity of the complexes formed is minimised.
One embodiment of the present aspect is provided by a TCR
complex of the invention wherein the polymer chain or pep-
tidic linker sequence extends between amino acid residues of
each TCR which are not located in a variable region sequence
of the TCR.

Since the complexes of the invention may be for use in
medicine, the linker moieties should be chosen with due
regard to their pharmaceutical suitability, for example their
immunogenicity.

Examples of linker moieties which fulfil the above desir-
able criteria are known in the art, for example the art of linking
antibody fragments.

There are two classes of linker that are preferred for use in
the production of multivalent TCR molecules of the present
invention. A TCR complex of the invention in which the



US 9,156,903 B2

9

TCRs are linked by a polyalkylene glycol chain provides one
embodiment of the present aspect.

The first are hydrophilic polymers such as polyalkylene
glycols. The most commonly used of this class are based on
polyethylene glycol or PEG, the structure of which is shown
below.

HOCH,CH,O(CH,CH,0),—CH,CH,0H

Wherein n is greater than two. However, others are based
on other suitable, optionally substituted, polyalkylene glycols
include polypropylene glycol, and copolymers of ethylene
glycol and propylene glycol.

Such polymers may be used to treat or conjugate therapeu-
tic agents, particularly polypeptide or protein therapeutics, to
achieve beneficial changes to the PK profile of the therapeu-
tic, for example reduced renal clearance, improved plasma
half-life, reduced immunogenicity, and improved solubility.
Such improvements in the PK profile of the PEG-therapeutic
conjugate are believe to result from the PEG molecule or
molecules forming a ‘shell’ around the therapeutic which
sterically hinders the reaction with the immune system and
reduces proteolytic degradation. (Casey et al, (2000) Tumor
Targetting 4 235-244) The size of the hydrophilic polymer
used my in particular be selected on the basis of the intended
therapeutic use of the TCR complex. Thus for example, where
the product is intended to leave the circulation and penetrate
tissue, for example for use in the treatment of a tumour, it may
be advantageous to use low molecular weight polymers in the
order of 5 KDa. There are numerous review papers and books
that detail the use of PEG and similar molecules in pharma-
ceutical formulations. For example, see Harris (1992) Poly-
ethylene Glycol Chemistry—DBiotechnical and Biomedical
Applications, Plenum, New York, N.Y. or Harris & Zalipsky
(1997) Chemistry and Biological Applications of Polyethyl-
ene Glycol ACS Books, Washington, D.C.

The polymer used can have a linear or branched conforma-
tion. Branched PEG molecules, or derivatives thereof, can be
induced by the addition of branching moieties including glyc-
erol and glycerol oligomers, pentaerythritol, sorbitol and
lysine.

Usually, the polymer will have a chemically reactive group
or groups in its structure, for example at one or both termini,
and/or on branches from the backbone, to enable the polymer
to link to target sites in the TCR. This chemically reactive
group or groups may be attached directly to the hydrophilic
polymer, or there may be a spacer group/moiety between the
hydrophilic polymer and the reactive chemistry as shown
below:

Reactive chemistry-Hydrophilic polymer-Reactive chem-

istry

Reactive chemistry-Spacer-Hydrophilic polymer-Spacer-

Reactive chemistry

The spacer used in the formation of constructs of the type
outlined above may be any organic moiety that is a non-
reactive, chemically stable, chain, Such spacers include, by
are not limited to the following:

—(CH,),,— wherein n=2to 5

—(CH,);NHCO(CH,),

A TCR complex of the invention in which a divalent alky-
lene spacer radical is located between the polyalkylene glycol
chain and its point of attachment to a TCR of the complex
provides a further embodiment of the present aspect.

ATCR complex of the invention in which the polyalkylene
glycol chain comprises at least two polyethylene glycol
repeating units provides a further embodiment of the present
aspect.
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There are a number of commercial suppliers of hydrophilic
polymers linked, directly or via a spacer, to reactive chemis-
tries that may be of use in the present invention. These sup-
pliers include Nektar Therapeutics (CA, USA), NOF Corpo-
ration (Japan), Sunbio (South Korea) and Enzon
Pharmaceuticals (NJ, USA).

Commercially available hydrophilic polymers linked,
directly or via a spacer, to reactive chemistries that may be of
use in the present invention include, but are not limited to, the
following:

PEG linker Catalogue

Description Source of PEG Number

TCR Monomer attachment

5K linear (Maleimide) Nektar 2D2MOHO1

20K linear (Maleimide) Nektar 2D2MOPO1

20K linear (Maleimide) NOF Corporation SUNBRIGHT
ME-200MA

20K branched (Maleimide) NOF Corporation SUNBRIGHT
GL2-200MA

30K linear (Maleimide) NOF Corporation SUNBRIGHT
ME-300MA

40K branched PEG (Maleimide) Nektar 2D3XO0TO1

5K-NP linear (for Lys attachment) NOF Corporation SUNBRIGHT
MENP-50H

10K-NP linear (for Lys attachment) ~ NOF Corporation SUNBRIGHT
MENP-10T

20K-NP linear (for Lys attachment) ~ NOF Corporation SUNBRIGHT
MENP-20T

TCR dimer linkers

3.4K linear (Maleimide) Nektar 2D2DOFO2

5K forked (Maleimide) Nektar 2D2DOHOF

10K linear (with orthopyridy! ds-

linkers in place of Maleimide) Sunbio

20K forked (Maleimide) Nektar 2D2DOPOF

20K linear (Maleimide) NOF Corporation

40K forked (Maleimide) Nektar 2D3XOTOF

Higher order TCR multimers

15K, 3 arms, Mal; (for trimer) Nektar OJOONO3

20K, 4 arms, Mal, (for tetramer) Nektar 0OJOOPO4

40K, 8 arms, Malg (for octamer) Nektar 0OJOOTO8

A wide variety of coupling chemistries can be used to
couple polymer molecules to protein and peptide therapeu-
tics. The choice ofthe most appropriate coupling chemistry is
largely dependant on the desired coupling site. For example,
the following coupling chemistries have been used attached
to one or more of the termini of PEG molecules (Source:
Nektar Molecular Engineering Catalogue 2003):

N-maleimide

Vinyl sulfone

Benzotriazole carbonate

Succinimidyl proprionate

Succinimidyl butanoate

Thio-ester

Acetaldehydes

Acrylates

Biotin

Primary amines

As stated above non-PEG based polymers also provide
suitable linkers for multimerising the TCRs of the present
invention. For example, moieties containing maleimide ter-
mini linked by aliphatic chains such as BMH and BMOE
(Pierce, products Nos. 22330 and 22323) can be used.

Peptidic linkers are the other class of TCR linkers. These
linkers are comprised of chains of amino acids, and function
to produce simple linkers or multimerisation domains onto
which TCR molecules can be attached. The biotin/streptavi-
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din system has previously been used to produce TCR tetram-
ers (see W0/99/60119) for in-vitro binding studies. However,
stepavidin is a microbially-derived polypeptide and as such
not ideally suited to use in a therapeutic.

A TCR complex of the invention in which the TCRs are
linked by a peptidic linker derived from a human multimeri-
sation domain provides a further embodiment of the present
aspect.

There are a number of human proteins that contain a mul-
timerisation domain that could be used in the production of
multivalent TCR complexes. For example the tetramerisation
domain of p53 which has been utilised to produce tetramers of
scFv antibody fragments which exhibited increased serum
persistence and significantly reduced off-rate compared to the
monomeric scFV fragment. (Willuda et al. (2001) J. Biol.
Chem. 276 (17) 14385-14392) Haemoglobin also has a tet-
ramerisation domain that could potentially be used for this
kind of application.

A multivalent TCR complex of the invention comprising at
least two TCRs provides a final embodiment of this aspect,
wherein at least one of said TCRs is associated with a thera-
peutic agent.

Inoneaspecta TCR (or multivalent complex thereof) of the
present invention may alternatively or additionally comprise
a reactive cysteine at the C-terminal or N-terminal of the
alpha or beta chains thereof.

Diagnostic and Therapeutic Use

In one aspect the TCR of the invention may be associated
with a therapeutic agent or detectable moiety. For example,
said therapeutic agent or detectable moiety may be covalently
linked to the TCR.

In one embodiment of the invention said therapeutic agent
or detectable moiety is covalently linked to the C-terminus of
one or both TCR chains.

In one aspect the scTCR or one or both of the dTCR chains
of TCRs of the present invention may be labelled with an
detectable moiety, for example a label that is suitable for
diagnostic purposes. Such labelled TCRs are useful in a
method for detecting a SLLMWITQC (SEQ ID NO:126)-
HLA-A*0201 complex which method comprises contacting
the TCR ligand with a TCR (or a multimeric high affinity TCR
complex) which is specific for the TCR ligand; and detecting
binding to the TCR ligand. In tetrameric TCR complexes
formed for example, using biotinylated heterodimers, fluo-
rescent streptavidin can be used to provide a detectable label.
Such a fluorescently-labelled TCR tetramer is suitable foruse
in FACS analysis, for example to detect antigen presenting
cells carrying the SLLMWITQC (SEQ ID NO:126)-HLA-
A*0201 complex for which these high affinity TCRs are
specific.

Another manner in which the soluble TCRs of the present
invention may be detected is by the use of TCR-specific
antibodies, in particular monoclonal antibodies. There are
many commercially available anti-TCR antibodies, such as
aF1 and pF1, which recognise the constant domains of the o
and fp chains, respectively.

In a further aspect a TCR (or multivalent complex thereot)
of the present invention may alternatively or additionally be
associated with (e.g. covalently or otherwise linked to) a
therapeutic agent which may be, for example, a toxic moiety
for use in cell killing, or an immune effector molecule such as
an interleukin or a cytokine. A multivalent TCR complex of
the invention may have enhanced binding capability for a
TCR ligand compared to a non-multimeric wild-type or T cell
receptor heterodimer of the invention. Thus, the multivalent
TCR complexes according to the invention are particularly
useful for tracking or targeting cells presenting particular

10

15

20

25

30

35

40

45

50

55

60

65

12

antigens in vitro or in vivo, and are also useful as intermedi-
ates for the production of further multivalent TCR complexes
having such uses. These TCRs or multivalent TCR complexes
may therefore be provided in a pharmaceutically acceptable
formulation for use in vivo.

The invention also provides a method for delivering a
therapeutic agent to a target cell, which method comprises
contacting potential target cells with a TCR or multivalent
TCR complex in accordance with the invention under condi-
tions to allow attachment of the TCR or multivalent TCR
complex to the target cell, said TCR or multivalent TCR
complex being specific for the SLLMWITQC (SEQ ID
NO:126)-HLA-A*0201 complex and having the therapeutic
agent associated therewith.

Inparticular, the soluble TCR or multivalent TCR complex
of the present invention can be used to deliver therapeutic
agents to the location of cells presenting a particular antigen.
This would be useful in many situations and, in particular,
against tumours. A therapeutic agent could be delivered such
that it would exercise its effect locally but not only on the cell
it binds to. Thus, one particular strategy envisages anti-tu-
mour molecules linked to TCRs or multivalent TCR com-
plexes according to the invention specific for tumour anti-
gens.

Many therapeutic agents could be employed for this use,
for instance radioactive compounds, enzymes (perforin for
example) or chemotherapeutic agents (cis-platin for
example). To ensure that toxic effects are exercised in the
desired location the toxin could be inside a liposome linked to
streptavidin so that the compound is released slowly. This will
prevent damaging effects during the transport in the body and
ensure that the toxin has maximum effect after binding of the
TCR to the relevant antigen presenting cells.

Other suitable therapeutic agents include:

small molecule cytotoxic agents, i.e. compounds with the

ability to kill mammalian cells having a molecular
weight of less than 700 daltons. Such compounds could
also contain toxic metals capable of having a cytotoxic
effect. Furthermore, it is to be understood that these
small molecule cytotoxic agents also include pro-drugs,
i.e. compounds that decay or are converted under physi-
ological conditions to release cytotoxic agents.
Examples of such agents include cis-platin, maytansine
derivatives, rachelmycin, calicheamicin, docetaxel, eto-
poside, gemcitabine, ifosfamide, irinotecan, melphalan,
mitoxantrone, sorfimer sodiumphotofrin II, temozo-
Imide, topotecan, trimetreate glucuronate, auristatin E
vincristine and doxorubicin;

peptide cytotoxins, i.e. proteins or fragments thereof with

the ability to kill mammalian cells. Including but not
limited to, ricin, diphtheria toxin, pseudomonas bacte-
rial exotoxin A, DNAase and RNAase;

radio-nuclides, i.e. unstable isotopes of elements which

decay with the concurrent emission of one or more of o
or B particles, or y rays. including but not limited to,
iodine 131, rhenium 186, indium 111, yttrium 90, bis-
muth 210 and 213, actinium 225 and astatine 213;
chelating agents may be used to facilitate the association
of these radio-nuclides to the high affinity TCRs, or
multimers thereof;

prodrugs, including but not limited to, antibody directed

enzyme pro-drugs;

immuno-stimulants, i.e. moieties which stimulate immune

response. Including but not limited to, cytokines such as
IL-2 and IFN, Superantigens and mutants thereof, TCR-
HLA fusions and chemokines such as I[.-8, platelet fac-
tor 4, melanoma growth stimulatory protein, etc, anti-
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bodies or fragments thereof, complement activators,
xenogeneic protein domains, allogeneic protein
domains, viral/bacterial protein domains, viral/bacterial
peptides and anti-T cell determinant antibodies (e.g.
anti-CD3 or anti-CD28).

Functional Antibody Fragments and Variants

Antibody fragments and variants/analogues which are suit-
able for use in the compositions and methods described
herein include, but are not limited to, the following.
Antibody Fragments

As is known to those skilled in the art, it is possible to
produce fragments of a given antibody which retain substan-
tially the same binding characteristics as those of the parent
antibody. The following provides details of such fragments:

Minibodies—These constructs consist of antibodies with a
truncated Fc portion. As such they retain the complete bind-
ing domains of the antibody from which are derived.

Fab fragments—These comprise a single immunoglobulin
light chain covalently-linked to part of an immunoglobulin
heavy chain. As such, Fab fragments comprise a single anti-
gen combining site. Fab fragments are defined by the portion
of'an IgG that can be liberated by treatment with papain. Such
fragments are commonly produced via recombinant DNA
techniques. (Reeves et al., (2000) Lecture Notes on Immunol-
ogy (4th Edition) Published by Blackwell Science)

F(ab"), fragments—These comprise both antigen combin-
ing sites and the hinge region from a single antibody. F(ab'),
fragments are defined by the portion of an IgG that can be
liberated by treatment with pepsin. Such fragments are com-
monly produced via recombinant DNA techniques. (Reeves
et al., (2000) Lecture Notes on Immunology (4th Edition)
Published by Blackwell Science)

Fv fragments—These comprise an immunoglobulin vari-
able heavy domain linked to an immunoglobulin variable
light domain. A number of Fv designs have been produced.
These include dsFvs, in which the association between the
two domains is enhanced by an introduced disulfide bond.
Alternatively, scFVs can be formed using a peptide linker to
bind the two domains together as a single polypeptide. Fvs
constructs containing a variable domain of a heavy or light
immunoglobulin chain associated to the variable and constant
domain of the corresponding immunoglobulin heavy or light
chain have also been produced. FV have also been multimer-
ised to form diabodies and triabodies (Maynard et al., (2000)
Annu Rev Biomed Eng 2 339-376)

Nanobodies™—These constructs, marketed by Ablynx
(Belgium), comprise synthetic single immunoglobulin vari-
able heavy domain derived from a camelid (e.g. camel or
llama) antibody.

Domain Antibodies—These constructs, marketed by
Domantis (Belgium), comprise an affinity matured single
immunoglobulin variable heavy domain or immunoglobulin
variable light domain.

Antibody Variants and Analogues

The defining functional characteristic of antibodies in the
context of the present invention is their ability to bind spe-
cifically to a target ligand. As is known to those skilled in the
art it is possible to engineer such binding characteristics into
a range of other proteins. Examples of antibody variants and
analogues suitable for use in the compositions and methods of
the present invention include, but are not limited to, the fol-
lowing.

Protein scaffold-based binding polypeptides—This family
of’binding constructs comprise mutated analogues of proteins
which contain native binding loops. Examples include Affi-
bodies, marketed by Affibody (Sweden), which are based on
a three-helix motif derived from one of the IgG binding
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domains of Staphylococcus aureus Protein A. Another
example is provided by Evibodies, marketed by EvoGenix
(Australia) which are based on the extracellular domains of
CTLA-4 into which domains similar to antibody binding
loops are grafted. A final example, Cytokine Traps marketed
by Regeneron Pharmaceuticals (US), graft cytokine receptor
domains into antibody scaffolds. (Nygren et al., (2000) Cur-
rent Opinion in Structural biology 7 463-469) provides a
review of the uses of scaffolds for engineering novel binding
sites in proteins. This review mentions the following proteins
as sources of scaffolds: CP1 zinc finger, Tendamistat, Z
domain (a protein A analogue), PST1, Coiled coils, LACI-D1
and cytochrome bsg,. Other protein scaffold studies have
reported the use of Fibronectin, Green fluorescent protein
(GFP) and ankyrin repeats.

As is known to those skilled in the art antibodies or frag-
ments, variants or analogues thereof can be produced which
bind to various parts of a given protein ligand. For example,
anti-CD3 antibodies can be raised to any of the polypeptide
chains from which this complex is formed (i.e. y, 3, €, C, and
1 CD3 chains) Antibodies which bind to the e CD3 chain are
the preferred anti-CD3 antibodies for use in the compositions
and methods of the present invention.

Soluble TCRs or multivalent TCR complexes of the inven-
tion may be linked to an enzyme capable of converting a
prodrug to a drug. This allows the prodrug to be converted to
the drug only at the site where it is required (i.e. targeted by
the sTCR).

Itis expected that the high affinity SLLMWITQC (SEQ ID
NO: 125) (SEQ ID NO:126)-HLA-A*0201 specific TCRs
disclosed herein may be used in methods for the diagnosis and
treatment of cancer.

For cancer treatment, the localisation in the vicinity of
tumours or metastasis would enhance the effect of toxins or
immunostimulants. For vaccine delivery, the vaccine antigen
could be localised in the vicinity of antigen presenting cells,
thus enhancing the efficacy of the antigen. The method can
also be applied for imaging purposes.

One embodiment is provided by an isolated cell presenting
aTCR ofthe invention. For example, said cellmay bea T cell.

Further embodiments of the invention are provided by a
pharmaceutical composition comprising:

a TCR or a multivalent TCR complex of the invention
(optionally associated with a therapeutic agent), or a plurality
of cells presenting at least one TCR of the invention, together
with a pharmaceutically acceptable carrier;

The invention also provides a method of treatment of can-
cer comprising administering to a subject suffering such can-
cer disease an effective amount of a TCR or a multivalent
TCR complex of the invention (optionally associated with a
therapeutic agent), or a plurality of cells presenting at least
one TCR of'the invention. In a related embodiment the inven-
tion provides for the use of a TCR or a multivalent TCR
complex of the invention (optionally associated with a thera-
peutic agent), or a plurality of cells presenting at least one
TCR of the invention, in the preparation of a composition for
the treatment of cancer.

Therapeutic or imaging TCRs in accordance with the
invention will usually be supplied as part of a sterile, phar-
maceutical composition which will normally include a phar-
maceutically acceptable carrier. This pharmaceutical compo-
sition may be in any suitable form, (depending upon the
desired method of administering it to a patient). It may be
provided in unit dosage form, will generally be provided in a
sealed container and may be provided as part of a kit. Such a
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kit would normally (although not necessarily) include
instructions for use. It may include a plurality of said unit
dosage forms.

The pharmaceutical composition may be adapted for
administration by any appropriate route, for example
parenteral, transdermal or via inhalation, preferably a
parenteral (including subcutaneous, intramuscular, or, most
preferably intravenous) route. Such compositions may be
prepared by any method known in the art of pharmacy, for
example by admixing the active ingredient with the carrier(s)
or excipient(s) under sterile conditions.

Dosages of the substances of the present invention can vary
between wide limits, depending upon the disease or disorder
to be treated, the age and condition of the individual to be
treated, etc. and a physician will ultimately determine appro-
priate dosages to be used.

Additional Aspects

A scTCR or dTCR (which preferably is constituted by
constant and variable sequences corresponding to human
sequences) of the present invention may be provided in sub-
stantially pure form, or as a purified or isolated preparation.
For example, it may be provided in a form which is substan-
tially free of other proteins.

The invention also provides a method of producing a high
affinity TCR having the property of binding to SLLMWITQC
(SEQ ID NO:126)-HLLA-A*0201. characterized in that the
TCR (i) comprises at least one TCR c. chain variable domain
and/or at least one TCR p chain variable domain and (ii) has
a K, for the said SLLMWITQC (SEQ ID NO:126)-HLA-
A*0201 complex of less than or equal to 1 uM and/or an
off-rate (k, ) for the SLLMWITQC (SEQID NO:126)-HLA-
A*0201 complex of 1x107> S~! or slower, wherein the
method comprises:

(a) the production of a TCR comprising the . and § chain

variable domains of the 1G4 TCR wherein one or both of
the o and f chain variable domains comprise a
mutation(s) in one or more of the amino acids identified
in claims 7 and 8;

(b) contacting said mutated TCR with SLLMWITQC
(SEQ ID NO:126)-HLLA-A*0201 under conditions suit-
able to allow the binding of the TCR to SLLMWITQC
(SEQ ID NO:126)-HLA-A*0201,

and measuring the K, and/or k, -of the interaction.

Preferred features of each aspect of the invention are as for
each of the other aspects mutatis mutandis. The prior art
documents mentioned herein are incorporated to the fullest
extent permitted by law.

EXAMPLES

The invention is further described in the following
examples, which do not limit the scope of the invention in any
way.

Reference is made in the following to the accompanying
drawings in which:

FIGS. 1a and 15 details the alpha chain variable domain
amino acid and beta chain variable domain amino acid
sequences of the native 1G4 TCR respectively.

FIGS. 2a and 256 show respectively the DNA sequence of
soluble versions of the native 1G4 TCR a and 3 chains.

FIGS. 3a and 356 show respectively the 1G4 TCR c and
chain extracellular amino acid sequences produced from the
DNA sequences of FIGS. 2a and 25.

FIGS. 4a and 456 show respectively the DNA sequence of
soluble versions of the 1G4 TCR « and § chains mutated to
include additional cysteine residues to form a non-native
disulphide bond. The mutated codon is indicated by shading.

10

15

20

25

30

35

40

45

50

55

60

65

16

FIGS. 5a and 55 show respectively the 1G4 TCR o and
chain extracellular amino acid sequences produced from the
DNA sequences of FIGS. 4a and 4b. The introduced cysteine
is indicated by shading.

FIG. 6 details the alpha chain variable domain amino acid
sequences of the high affinity 1G4 TCR variants.

FIG. 7 details the beta chain variable domain amino acid
sequences of the high affinity 1G4 TCR variants.

FIG. 8a details the amino acid sequence of a soluble form
of TRAC.

FIG. 85 details the amino acid sequence of a soluble form
of TRBCI.

FIG. 8¢ details the amino acid sequence of a soluble form
of TRBC2.

FIG. 9 details the DNA sequence of the pEX954 plasmid.

FIG. 10 details the DNA sequence of the pEX821 plasmid.

FIG. 11 details the DNA sequence of the pEX202 plasmid.

FIG. 12 details the DNA sequence of the pEX205 plasmid.

FIG. 13 details further beta chain variable domain amino
acid sequences of the high affinity 1G4 TCR variants.

FIG. 14a details the alpha chain amino acid sequences of a
preferred soluble high affinity 1G4 TCR variant.

FIG. 145 details the beta chain amino acid sequences of a
preferred (c58c61) soluble high affinity 1G4 TCR variant
utilising the TRBC1 constant domain.

FIG. 14¢ details the beta chain amino acid sequences of a
preferred (c58c61) soluble high affinity 1G4 TCR variant
utilising the TRBC2 constant domain.

FIG. 144 details the beta chain amino acid sequences of a
preferred (c58c61) soluble high affinity 1G4 TCR using the
TRBC2 encoded constant region fused via a peptide linker to
wild-type human IL.-2.

FIG. 15a shows FACs staining of T2 cell pulsed with a
range of NY-ESO-analogue SLLMWITQV (SEQ ID
NO:127) peptide concentrations using the high affinity
¢58¢c61 1G4 TCR-IL-2 fusion proteins.

FIG. 155 shows FACs staining of T2 cell pulsed with a
range of NY-ESO-derived SLLMWITQC (SEQ ID NO:126)
peptide concentrations using the high affinity ¢58c61 1G4
TCR-IL-2 fusion proteins.

FIG. 16 shows FACs staining of SK-MEL-37, ScaBER,
J82, HcT119 and Colo 205 cancer cells transfected with an
SLLMWITQC (SEQ ID NO:126) peptide producing ubiq-
uitin minigene (+proteosome inhibitors) using the high affin-
ity ¢58c61 1G4 TCR-IL-2 fusion proteins.

FIG. 17 shows ELISPOT data demonstrating the ability of
soluble high affinity ¢58c61 1G4 TCR to inhibit CTL activa-
tion against the MEL-624 cancer cell.

FIG. 18 shows ELISPOT data demonstrating the ability of
soluble high affinity ¢58c61 1G4 TCR to inhibit CTL activa-
tion against the SK-MEL-37 cancer cell.

FIG. 19 shows inhibition of T cell activation against pep-
tide pulsed T2 cells by the soluble c¢58c61 high affinity 1G4
TCR as measured by IFNy production.

FIG. 20 shows lack of inhibition of T cell activation against
peptide pulsed T2 cells by the soluble wild-type 1G4 TCR as
measured by IFNy production.

FIG. 21 shows tumor growth inhibition caused by soluble
¢58¢61 high affinity 1G4 TCR-IL-2 immunoconjugates.

FIG. 22 shows the number of SLLMWITQC (SEQ ID
NO:126)-HLA-A*0201 antigens on the surface of Mel 526,
Mel 624 and SK-Mel-37 cancer cells as determined by fluo-
rescent microscopy. The visualisation of cell-bound biotiny-
lated soluble ¢58c61 high affinity 1G4 TCRs was facilitated
by conjugation with streptavidin-R phycoerythrin (PE).
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EXAMPLE 1

Production of a Soluble Disulfide-Linked TCR
Comprising the Native 1G4 TCR Variable Domain

RNA Isolation

Total RNA was isolated from 10000 clonal T cells by
re-suspension in 100 pl tri-reagent (Sigma) and processing of
the lysate according to the manufacturer’s instructions. After
the final precipitation the RNA was re-dissolved in 12.5 ul
RNAse free water.
c¢DNA Production

To the above sample of RNA, 2.5 ul of 10 mM oligo-dT*>
(Promega) was added and the sample incubated at 60° C. for
2 minutes then placed on ice. Reverse transcription was car-
ried out using OmniscriptRT kit (Qiagen) by addition of 2 ul
RT buffer (10x), 2 wl 5 mM dNTP, 1 pl Omniscript reverse
transcriptase. The sample was mixed and incubated for 1 hour
at 37° C. cDNA was then stored at -80° C.

The above cDNA was used as template. A panel of forward
primers covering all possible alpha and beta variable chains
was used to screen for, and amplify by PCR, alpha and beta
chains genes. Primer sequences used for TCR chain gene
amplification were designed from the NCBI website using
accession numbers obtained from the T cell receptor Facts-
book, (2001) LeFranc and LeFranc, Academic Press, ISBN
0-12-441352-8. Alpha-chain forward primers were designed
to contain a Clal restriction site and the universal alpha chain
reverse primer a Sall restriction site. Beta-chain forward
primers were designed to contain a Asel restriction site and
universal beta reverse primer an Agel restriction site.

Recipient vectors for the TCR gene fragments were based
ona pGMT?7 parent plasmid, which contains the T7 promoter
for high level expression in E. coli strain BL21-DE3 (pLysS)
(Pan et al., Biotechniques (2000) 29 (6): 1234-8)

Alpha chain purified PCR products were digested with
Clal and Salll and ligated into pEX954 (see FIG. 9) cut with
Clal and Xhol.

Beta chain purified PCR products were digested with Asel
and Agel and ligated into pEX821 (See FIG. 10) cut with
Ndel/Agel.

Ligation

The cut PCR product and cut vector were ligated using a
rapid DNA ligation kit (Roche) following the manufacturers
instructions.

Ligated plasmids were transformed into competent E. coli
strain XI.1-blue cells and plated out on LB/agar plates con-
taining 100 mg/ml ampicillin. Following incubation over-
night at 37° C., single colonies were picked and grown in 10
ml LB containing 100 mg/ml ampicillin overnight at 37° C.
with shaking. Cloned plasmids were purified using a Mini-
prep kit (Qiagen) and the insert was sequenced using an
automated DNA sequencer (Lark Technologies).

FIGS. 4a and 456 show respectively the DNA sequence of
soluble versions of the 1G4 TCR « and § chains mutated to
include additional cysteine residues to form a non-native
disulphide bond.

FIGS. 5a and 55 show respectively the NY-ESO TCR «
and P chain extracellular amino acid sequences produced
from the DNA sequences of FIGS. 44 and 46

EXAMPLE 2

Production of High Affinity Variants of the Soluble
Disulfide Linked 1G4 TCR

The soluble disulfide-linked native 1G4 TCR produced as
described in Example 1 can be used a template from which to
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produce the TCRs of the invention which have an increased
affinity for the SLLMWITQC (SEQ ID NO:126)-HLA-
A*0201 complex.

The amino sequences of the mutated TCR alpha and beta
chain variable domains which demonstrate high affinity for
the SLLMWITQC (SEQ ID NO:126)-HLA-A*0201 com-
plex are listed in FIGS. 6 and 7 respectively. (SEQ ID Nos:
11-83 and 84-99 respectively) As is known to those skilled in
the art the necessary codon changes required to produce these
mutated chains can be introduced into the DNA encoding
these chains by site-directed mutagenesis. (QuickChange™
Site-Directed Mutagenesis Kit from Stratagene)

Briefly, this is achieved by using primers that incorporate
the desired codon change(s) and the plasmids containing the
relevant 1G4 TCR chain as a template for the mutagenesis:

Mutagenesis was carried out using the following condi-
tions: 50 ng plasmid template, 1 pl of 10 mM dNTP, 5 ul of
10x Pfu DNA polymerase buffer as supplied by the manufac-
turer, 25 pmol of fwd primer, 25 pmol of rev primer, 1 ul pfu
DNA polymerase in total volume 50 pl. After an initial dena-
turation step of 2 mins at 95 C, the reaction was subjected to
25 cycles of denaturation (95 C, 10 secs), annealing (55 C 10
secs), and elongation (72 C, 8 mins). The resulting product
was digested with Dpnl restriction enzyme to remove the
template plasmid and transformed into E. coli strain XL 1-
blue. Mutagenesis was verified by sequencing.

EXAMPLE 3

Production of Soluble “Zippered” High Affinity
TCRs

Alpha Chain—C-Jun Leucine Zipper

The construct was made by PCR stitching.

For the 5'-end of the gene the plasmid coding for the high
affinity TCR alpha chains and containing the code for the
introduced inter-chain di-sulfide bridge was used as template.
PCR with the following two primer pairs generated the
desired variable domain.

5'-TRAV21 fwd

(SEQ ID NO: 105)
tctetcattaatgaaacaggaggtgacgcagattect
C-alpha rev

(SEQ ID NO: 106)

CGGCAGGGTCAGGGTTCTGG

For the 3'-end of the gene the plasmid pEX202 (see FIG.
11), coding for a wild type affinity TCR alpha chain fused to
human c-jun leucine zipper domain and not containing the
code for the introduced inter-chain di-sulfide bridge, was
used as template. PCR with the following primer pair gener-
ated the desired constant domain.

C-alpha fwd
(SEQ ID NO: 107)

CCAGAACCCTGACCCTGCCG

3'-alpha rev
(SEQ ID NO:
aagcttecegggggaactttetgggetggy

108)

The two products were mixed and diluted 1000 fold and 1
ul was used as template in a 50 pl PCR with 5'-TRAV21 fwd
and 3'-alpha rev primers.

The resulting PCR product was digested using restriction
enzymes Asel and Xmal and ligated into pEX202 cut with
Ndel and Xmal.
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PCRs were carried out using the following conditions: 50
pg plasmid template, 1 pl of 10 mM dNTP, 5 ul of 10x Pfu
DNA polymerase buffer as supplied by the manufacturer, 25
pmol of fwd primer, 25 pmol of rev primer, 1 ul Pfu DNA
polymerase in total volume 50 pl. After an initial denaturation
step of 2 mins at 95 C, the reaction was subjected to 30 cycles
of'denaturation (95 C, 10 secs), annealing (55 C 10 secs), and
elongation (72 C, 2 mins).

Beta Chain—C-Fos Leucine Zipper

The construct was made by PCR stitching.

For the 5'-end of the gene plasmids coding for the high
affinity TCR beta chains and containing the introduced inter-
chain di-sulfide bridge were used as template. PCR with the
following two primers generated the desired variable domain
gene fragment.

TRBV6-5 fwd

(SEQ ID NO: 109)
tctctcattaatgaatgctggtgtcactcagaccce
C-beta rev

(SEQ ID NO: 110)

CTTCTGATGGCTCAAACACAGC

For the 3'-end of the gene the plasmid pEX205 (see FIG.
12), coding for a wild type affinity TCR beta chain fused to the
human c-fos leucine zipper domain and not containing the
code for the introduced inter-chain di-sulfide bridge, was
used as template. PCR with the following two primers gen-
erated the desired constant domain gene fragment.

C-beta fwd
(SEQ ID NO: 111)

GCTGTGTTTGAGCCATCAGAAG

TRBC rev
(SEQ ID NO:
aagctteceggggtetgetetacececagge

112)

The two products were mixed and diluted 1000 fold and 1
ul was used as template in a 50 ul PCR with TRBV6-5 fwd
and TRBC rev primers. PCRs were carried out as described
above.

The resulting PCR product was digested using restriction
enzymes Asel and Xmal and ligated into pEX205 cut with
Ndel and Xmal.

EXAMPLE 4

Expression, Refolding and Purification of Soluble
TCR

The expression plasmids containing the mutated a-chain
and B-chain respectively as prepared in Examples 1, 2 or 3
were transformed separately into E. coli strain BL21pLysS,
and single ampicillin-resistant colonies were grown at 37° C.
in TYP (ampicillin 100 pg/ml) medium to OD ., 0f 0.4 before
inducing protein expression with 0.5 mM IPTG. Cells were
harvested three hours post-induction by centrifugation for 30
minutes at 4000 rpm in a Beckman J-6B. Cell pellets were
re-suspended in a buffer containing 50 mM Tris-HCI, 25%
(w/v) sucrose, | mM NaEDTA, 0.1% (w/v) NaAzide, 10 mM
DTT, pH 8.0. After an overnight freeze-thaw step, re-sus-
pended cells were sonicated in 1 minute bursts for a total of
around 10 minutes in a Milsonix XI1.2020 sonicator using a
standard 12 mm diameter probe. Inclusion body pellets were
recovered by centrifugation for 30 minutes at 13000 rpm in a
Beckman J2-21 centrifuge. Three detergent washes were then
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carried out to remove cell debris and membrane components.
Each time the inclusion body pellet was homogenised in a
Triton buffer (50 mM Tris-HCI, 0.5% Triton-X100, 200 mM
NaCl, 10 mM NaEDTA, 0.1% (w/v) NaAzide, 2 mM DTT,
pH 8.0) before being pelleted by centrifugation for 15 min-
utes at 13000 rpm in a Beckman J2-21. Detergent and salt was
then removed by a similar wash in the following buffer: 50
mM Tris-HCl, 1 mM NaEDTA, 0.1% (w/v) NaAzide, 2 mM
DTT, pH 8.0. Finally, the inclusion bodies were divided into
30 mg aliquots and frozen at =70° C. Inclusion body protein
yield was quantitated by solubilising with 6M guanidine-HCl
and measurement with a Bradford dye-binding assay (Per-
Bio).

Approximately 30 mg of TCR f chain and 60 mg of TCR
o chain solubilised inclusion bodies were thawed from frozen
stocks, samples were then mixed and the mixture diluted into
15 ml of a guanidine solution (6 M Guanidine-hydrochloride,
10 mM Sodium Acetate, 10 mM EDTA), to ensure complete
chain de-naturation. The guanidine solution containing fully
reduced and denatured TCR chains was then injected into 1
liter of the following refolding buffer: 100 mM Tris pH 8.5,
400 mM L-Arginine, 2 mM EDTA, 5 mM reduced Glu-
tathione, 0.5 mM oxidised Glutathione, 5SM urea, 0.2 mM
PMSF. The redox couple (2-mercaptoethylamine and cysta-
mine (to final concentrations of 6.6 mM and 3.7 mM, respec-
tively) were added approximately 5 minutes before addition
of the denatured TCR chains. The solution was left for 5
hrs+15 minutes. The refolded TCR was dialysed in Spec-
trapor 1 membrane (Spectrum; Product No. 132670) against
10L 10 mM Tris pH 8.1 at 5° C.£3° C. for 18-20 hours. After
this time, the dialysis buffer was changed to fresh 10 mM Tris
pH 8.1 (10 L) and dialysis was continued at 5° C.+3° C. for
another 20-22 hours.

sTCR was separated from degradation products and impu-
rities by loading the dialysed refold onto a POROS 50HQ
anion exchange column and eluting bound protein with a
gradient of 0-500 mM NaCl over 50 column volumes using an
Akta purifier (Pharmacia). Peak fractions were stored at 4° C.
and analysed by Coomassie-stained SDS-PAGE before being
pooled and concentrated. Finally, the sTCR was purified and
characterised using a Superdex 200HR gel filtration column
pre-equilibrated in HBS-EP buffer (10 mM HEPES pH 7.4,
150 mM NaCl, 3.5 mM EDTA, 0.05% nonidet p40). The peak
eluting at a relative molecular weight of approximately 50
kDa was pooled and concentrated prior to characterisation by
BlAcore surface plasmon resonance analysis.

EXAMPLE 5

Biacore Surface Plasmon Resonance
Characterisation of sTCR Binding to Specific pMHC

A surface plasmon resonance biosensor (Biacore 3000™)
was used to analyse the binding of a sTCR to its peptide-MHC
ligand. This was facilitated by producing single pMHC com-
plexes (described below) which were immobilised to a
streptavidin-coated binding surface in a semi-oriented fash-
ion, allowing efficient testing of the binding of a soluble T-cell
receptor to up to four different pMHC (immobilised on sepa-
rate flow cells) simultaneously. Manual injection of HLA
complex allows the precise level of immobilised class I mol-
ecules to be manipulated easily.

Biotinylated class I HLA-A*0201 molecules were
refolded in vitro from bacterially-expressed inclusion bodies
containing the constituent subunit proteins and synthetic pep-
tide, followed by purification and in vitro enzymatic biotiny-
lation (O’Callaghan et al. (1999) Aral. Biochem. 266: 9-15).
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HLA-A*0201-heavy chain was expressed with a C-terminal
biotinylation tag which replaces the transmembrane and cyto-
plasmic domains of the protein in an appropriate construct.
Inclusion body expression levels of ~75 mg/liter bacterial
culture were obtained. The MHC light-chain or $2-microglo-
bulin was also expressed as inclusion bodies in E. co/i from an
appropriate construct, at a level of ~500 mg/liter bacterial
culture.

E. coli cells were lysed and inclusion bodies are purified to
approximately 80% purity. Protein from inclusion bodies was
denatured in 6 M guanidine-HCl, 50 mM Tris pH 8.1, 100
mM NaCl, 10 mM DTT, 10 mM EDTA, and was refolded at
a concentration of 30 mg/liter heavy chain, 30 mg/liter f2m
into 0.4 M L-Arginine-HC], 100 mM Tris pH 8.1, 3.7 mM
cystamine, mM cysteamine, 4 mg/ml of the SLLMWITQC
peptide required to be loaded by the HLA-A*0201 molecule,
by addition of a single pulse of denatured protein into refold
bufferat <5° C. Refolding was allowed to reach completion at
4° C. for at least 1 hour.

Buffer was exchanged by dialysis in 10 volumes of 10 mM
Tris pH 8.1. Two changes of buffer were necessary to reduce
the ionic strength of the solution sufficiently. The protein
solution was then filtered through a 1.5 um cellulose acetate
filter and loaded onto a POROS 50HQ anion exchange col-
umn (8 ml bed volume). Protein was eluted with a linear
0-500 mM NaCl gradient. HLA-A*0201-peptide complex
eluted at approximately 250 mM NaCl, and peak fractions
were collected, a cocktail of protease inhibitors (Calbiochem)
was added and the fractions were chilled on ice.

Biotinylation tagged pMHC molecules were buffer
exchanged into 10 mM Tris pH 8.1, 5 mM NaCl using a
Pharmacia fast desalting column equilibrated in the same
buffer. Immediately upon elution, the protein-containing
fractions were chilled on ice and protease inhibitor cocktail
(Calbiochem) was added. Biotinylation reagents were then
added: 1 mM biotin, 5 mM ATP (buffered to pH 8), 7.5 mM
MgCl2, and 5 pg/ml BirA enzyme (purified according to
O’Callaghan et al. (1999) Anal. Biochem. 266: 9-15). The
mixture was then allowed to incubate at room temperature
overnight.

The biotinylated pHLA-A*0201 molecules were purified
using gel filtration chromatography. A Pharmacia Superdex
75 HR 10/30 column was pre-equilibrated with filtered PBS
and 1 ml of'the biotinylation reaction mixture was loaded and
the column was developed with PBS at 0.5 ml/min. Biotiny-
lated pHLA-A*0201 molecules eluted as a single peak at
approximately 15 ml. Fractions containing protein were
pooled, chilled on ice, and protease inhibitor cocktail was
added. Protein concentration was determined using a Coo-
massie-binding assay (PerBio) and aliquots of biotinylated
pHLA-A*0201 molecules were stored frozen at -20° C.
Streptavidin was immobilised by standard amine coupling
methods.

Such immobilised complexes are capable of binding both
T-cell receptors and the coreceptor CD8aa, both of which
may be injected in the soluble phase. Specific binding of TCR
is obtained even at low concentrations (at least 40 pg/ml),
implying the TCR is relatively stable. The pMHC binding
properties of sSTCR are observed to be qualitatively and quan-
titatively similar if sTCR is used either in the soluble or
immobilised phase. This is an important control for partial
activity of soluble species and also suggests that biotinylated
pMHC complexes are biologically as active as non-biotiny-
lated complexes.

The interactions between 1G4 sTCR containing a novel
inter-chain bond and its ligand/MHC complex or an irrelevant
HLA-peptide combination, the production of which is
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described above, were analysed on a Biacore 3000™ surface
plasmon resonance (SPR) biosensor. SPR measures changes
in refractive index expressed in response units (RU) near a
sensor surface within a small flow cell, a principle that can be
used to detect receptor ligand interactions and to analyse their
affinity and kinetic parameters. The probe flow cells were
prepared by immobilising the individual HL.A-peptide com-
plexes in separate flow cells via binding between the biotin
cross linked onto f2m and streptavidin which have been
chemically cross linked to the activated surface of the flow
cells. The assay was then performed by passing sTCR over
the surfaces of the different flow cells at a constant flow rate,
measuring the SPR response in doing so.

To Measure Equilibrium Binding Constant

Serial dilutions of WT 1G4 sTCR were prepared and
injected at constant flow rate of 5 pl min-1 over two different
flow cells; one coated with ~1000 RU of specific SLLM-
WITQC (SEQ ID NO:126)-HLA-A*0201 complex, the sec-
ond coated with ~1000 RU of non-specific HLA-A2-peptide
complex. Response was normalised for each concentration
using the measurement from the control cell. Normalised data
response was plotted versus concentration of TCR sample
and fitted to a hyperbola in order to calculate the equilibrium
binding constant, K,,. (Price & Dwek, Principles and Prob-
lems in Physical Chemistry for Biochemists (24 Edition)
1979, Clarendon Press, Oxford).

To Measure Kinetic Parameters

For high affinity TCRs K, was determined by experimen-
tally measuring the dissociation rate constant, kd, and the
association rate constant, ka. The equilibrium constant K,)
was calculated as kd/ka.

TCR was injected over two different cells one coated with
~300 RU of specific HLA-A2-nyeso peptide complex, the
second coated with ~300 RU of non-specific HLA-A2-pep-
tide complex. Flow rate was set at 50 ul/min. Typically 250 ul
of TCR at ~3 uM concentration was injected. Buffer was then
flowed over until the response had returned to baseline.
Kinetic parameters were calculated using Biaevaluation soft-
ware. The dissociation phase was also fitted to a single expo-
nential decay equation enabling calculation of half-life.
Results

The interaction between a soluble disulfide-linked native
1G4 TCR (consisting of the o and f TCR chains detailed in
SEQ ID NOs 9 and 10 respectively) and the SLLMWITQC
(SEQ ID NO:126)-HLA-A*0201 complex was analysed
using the above methods and demonstrateda K, of 15 pM and
ak,,0f1.28x107! S7*.

The TCRs specified in the following table have a K, of less
than or equal to 1 uM and/or a k,,,0f 1x107> S~* or slower.

Beta chain variable
domain sequence,

Alpha chain variable
domain sequence,

SEQ ID NO: SEQ ID NO:
1 84
1 85
1 86
1 87
1 88

11 84
12 84
12 85
12 90
11 85
11 86
11 92
11 93
13 86
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-continued -continued
Alpha chain variable Beta chain variable Alpha chain variable Beta chain variable
domain sequence, domain sequence, domain sequence, domain sequence,
SEQ ID NO: SEQ ID NO: 5 SEQ ID NO: SEQ ID NO:
14 84 66 92
14 85 67 92
15 84 68 92
15 85 69 92
16 84 70 92
16 85 10 71 92
17 86 72 92
18 86 73 92
19 84 74 92
20 86 75 92
21 84 76 92
21 85 15 77 92
22 84 78 92
23 86 79 92
24 84 80 92
25 84 81 92
26 84 82 92
27 84 20 83 92
28 84 11 96
29 84 11 97
30 84 11 98
31 84 11 99
32 84 1 89
33 84 50 117
20 86 23 49 117
34 86 50 118
35 89 49 119
36 89 50 119
37 89 58 93
38 89 49 118
39 89 30 1 119
16 89 1 117
17 89 55 120
31 89 56 120
40 89 50 121
1 90 50 120
1 91 35 49 121
41 90 49 120
42 2 48 118
42 85 53 95
42 92
1 92
1 93 40
43 92 EXAMPLE 6
44 92
45 92 . . . . . .
46 92 In-Vitro Cell Staining Using a High Affinity ¢58¢61
47 92 NY-ESO TCR-IL-2 Fusion Protein
48 84
49 94 45 . .
50 /4 T2 lymphoblastoid cells were pulsed with the NY-ESO-
50 94 derived SLLMWITQC (SEQ ID NO:126), NY-ESO-ana-
g 3‘5‘ logue SLLMWITQV (SEQ ID NO:127) peptide, or an irrel-
1 o evant peptide at a range of concentrations (107°-107'° M) for
1 85 50 180 minutes at 37° C. The NY-ESO-analogue SLLMWITQV
51 84 (SEQ ID NO:127) peptide (V-variant peptide) was used as
2; gi this peptide is known to have a higher affinity for the binding
5n 95 cleft of the HLA-A*0201 complex than the native NY-ESO-
53 84 derived SLLMWITQC (SEQ ID NO:126) peptide. After
49 95 s5 pulsing, cells were washed in serum-free RPMI and 5x10°
49 94 cells were incubated with high affinity ¢58¢61 NY-ESO TCR-
2 ‘51 g; IL-2 fusion protein for 10 min at room temperature, followed
56 9 by secogdary anti-IL-2 mAb conjugated With PE (Serotec)
57 92 for 15 min at room temperature. After washing, bound TCR-
58 92 60 IL-2 was quantified by flow cytometry using a FACSVantage
59 92 SE (Becton Dickinson). Controls, also using peptide-pulsed
60 92 T2 cells were included where TCR-IL-2 was omitted.
2; g; FIG. 14a details the amino acid sequence of the alpha chain
63 92 of the c58c61 NY-ESO TCR. (SEQ ID NO: 122).
64 92 65 FIG. 14¢ (SEQ ID NO: 124) details the amino acid
65 92 sequence of the beta chain of the ¢58c61 NY-ESO TCR using

the TRBC2 encoded constant region.
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FIG. 14d (SEQ ID NO: 125) details the amino acid
sequence of the beta chain of the ¢58¢61 NY-ESO TCR using
the TRBC2 encoded constant region fused via a peptide linker
to wild-type human IL.-2.

The alpha and beta chain variable domain mutations con-
tained within the soluble ¢58c61 1G4 TCR-IL-2 fusion pro-
tein correspond to those detailed in SEQ ID NO: 49 and SEQ
IDNO: 94 respectively. Note that SEQ ID NOs: 121-125 have
been provided in a form which includes the N-terminal
methionine (M) and the “K” and “NA” residues omitted in the
majority of the other TCR alpha chain and beta chain amino
acid sequences.

In similar experiments SK-MEL-37, ScaBER, J82,
HcT119 and Colo 205 cancer cells transfected with a NY-
ESO-derived SLLMWITQC (SEQ ID NO:126) peptide
expressing ubiquitin minigene construct were used. The can-
cer cells were transfected using substantially the methods
described in (Rimoldi et al., (2000) J lmmunol. 165 7253-
7261). Cells were labelled as described above.

Results

FIG. 15a shows FACs staining of T2 cell pulsed with a
range of NY-ESO-analogue SLLMWITQV (SEQ ID
NO:127) peptide concentrations using the high affinity
¢58¢c61 1G4 TCR-IL-2 fusion proteins.

FIG. 15a shows FACs staining of T2 cell pulsed with a
range of NY-ESO-analogue SLLMWITQV (SEQ ID
NO:127) peptide concentrations using the high affinity
¢58¢c61 1G4 TCR-IL-2 fusion proteins.

FIG. 155 shows FACs staining of T2 cell pulsed with a
range of NY-ESO-derived SLLMWITQC (SEQ ID NO:126)
peptide concentrations using the high affinity ¢58c61 1G4
TCR-IL-2 fusion proteins.

FIG. 16 shows FACs staining of SK-MEL-37, ScaBER,
J82, HcT119 and Colo 205 cancer cells transfected with an
SLLMWITQC (SEQ ID NO:126) peptide producing ubiq-
uitin minigene (+proteosome inhibitors) using the high affin-
ity ¢58c61 1G4 TCR-IL-2 fusion proteins.

EXAMPLE 9
CTL Activation ELISPOT Assay

The following assay was carried out to demonstrate that the
soluble high affinity ¢58¢61 NY-ESO TCR was capable of
inhibiting activation of an SLLMWITQC (SEQ ID NO:126)-
HLA-A*0201 specific CTL clone (1G4). IFN-y production
was used as the read-out for CTL activation.

Reagents

R10 Assay media: 10% FCS (heat-inactivated, Gibco,
cat#10108-165), 88% RPMI 1640 (Gibco, cat#42401-018),
1% glutamine (Gibco, cat#25030-024) and 1% penicillin/
streptomycin (Gibco, cat#15070-063).

Peptide: (obtained from various sources) initially dis-
solved in DMSO (Sigma, cat# D2650) at 4 mg/ml and frozen.

Wash buffer: 0.01M PBS/0.05% Tween 20 (1 sachet of
Phosphate buffered saline with Tween 20, pH7.4 from Sigma,
Cat. # P-3563 dissolved in 1 liter distilled water gives final
composition 0.01M PBS, 0.138M NaCl, 0.0027M KCl,
0.05% Tween 20). PBS (Gibco, cat#10010-015).

The EliSpot kit contains all other reagents required i.e.
capture and detection antibodies, skimmed milk powder,
BSA, streptavidin-alkaline phosphatase, BCIP/NBT solution
(Human IFN-g PVDF Eli-spot 20x96 wells with plates (IDS
cat# DC-856.051.020, DC-856.000.000). The following
method is based on the instructions supplied with each kit but
contains some alterations.
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MEL-624 and SK-MEL-37 melanoma cell lines were
treated with trypsin for 5 minutes at 37° C. The cells are then
washed and re-suspended in R10 media.

50000 target cells were then plated out per well in 50 pl of
R10 media in a 96 well ELISPOT plate (Diaclone).

The following was then added to the above target cell
cultures:

1x107"M high affinity ¢58c61 TCR, or an irrelevant TCR,
in 50 pl of R10 media.

600 SLLMWITQC (SEQ ID NO:126)-HLA-A*0201 spe-
cific T cells (clone 1G4) in 50 ul of R10 media.

These cultures were then incubated for 24 hours at 37° C.,
5% CO,. The ELISPOT plates were processed according to
the manufacturers instructions.

Results

The soluble high affinity ¢58c61 1G4 TCR strongly inhib-
ited the activation of 1G4 T cell clones against the melanoma
cells, as measured by IFN-y production. Whereas the irrel-
evant high affinity TCR had no inhibitory effect. (See FIG. 17
for MEL-624 cancer cell line results and FIG. 18 for SK-
MEL-37 cancer cell line results)

EXAMPLE 10
CTL Activation ELISA Assay

The following assay was carried out to demonstrate that the
soluble high affinity ¢58c61 1G4 TCR was capable of inhib-
iting activation of an SLLMWITQC-HLA-A*0201 specific
CTL clone (1G4). IFN-y production was used as the read-out
for CTL activation.

Reagents

R10 Assay media: 10% FCS (heat-inactivated, Gibco,
cat#10108-165), 88% RPMI 1640 (Gibco, cat#42401-018),
1% glutamine (Gibco, cat#25030-024) and 1% penicillin/
streptomycin (Gibco, cat#15070-063).

Peptide: (obtained from various sources) initially dis-
solved in DMSO (Sigma, cat# D2650) at 4 mg/ml and frozen.

Wash buffer: 0.01M PBS/0.05% Tween 20 (1 sachet of
Phosphate buffered saline with Tween 20, pH7.4 from Sigma,
Cat. # P-3563 dissolved in 1 liter distilled water gives final
composition 0.01M PBS, 0.138M NaCl, 0.0027M KCl,
0.05% Tween 20). PBS (Gibco, cat#10010-015).

The ELISA kit contains all other reagents except BSA
(Sigma). required i.e. capture and detection antibodies,
skimmed milk powder, streptavidin-HRP, TMB solution (Hu-
man [FN-g Eli-pair 20x96 wells with plates. The following
method is based substantially on the instructions supplied
with each kit.

Method

ELISA plates were prepared according to the manufactur-
ers instructions. (Diaclone kit, Immunodiagnostic systems,
UK

T2 cell line target cells were washed and re-suspended in
R10 media with or without varying concentrations (100
nM-10 pM) of SLLMWITQC (SEQ ID NO:126) peptide,
then incubated for 1 hour at 37° C., 5% CO,.

10,000 target cells per well were then plated out into a 96
well ELISA plate.

To these plates the following was added to the relevant
well:

1x107°M to 3x107'*M of the high affinity c58¢61 1G4
TCR or wild-type 1G4 TCR in 50 pl of R10 media.

5000 1G4 effector cells in 50 pl of R10 media.

The plates were then incubated for 48 hours at 37° C., 5%
CO,. The ELISA was then processed according to manufac-
turer’s instructions.
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Results

The soluble high affinity ¢58c61 1G4 TCR strongly inhib-
ited the activation of 1G4 T cell clones against the peptide-
pulsed target cells, as measured by IFN-y production.
Whereas the wild-type 1G4 TCR had no inhibitory effect.
(See FIG. 19 for the high affinity ¢58¢c61 1G4 TCR and FIG.
20 for the wild-type 1G4 TCR)

EXAMPLE 11

In-Vivo Tumour Targeting Using a High Affinity
c58¢c61 1G4 TCR-IL-2 Fusion Protein

This work was carried out to investigate the ability ofa high
affinity ¢58c61 1G4 TCR-IL-2 fusion protein described in
Example 6, to inhibit growth of human tumor cells engrafted
in nude mice.

Fifty female nude mice (HARLAN, France) were used in
this trial.

All animals were injected subcutaneously with the human
melanoma tumour-forming cell line (SK-MEL-37) which
had been stably transfected with a NY-ESO peptide/ubiquitin
minigene construct in ensure enhanced expression of the
appropriate class [-peptide target at the cell surface. Tumors
were allowed to grow in the animals for 5 days to allow
tumour development prior to commencement of treatment.

The rats then received the following i.v. bolus dosage of
¢58¢61 high affinity NY-ESO TCR/IL-2 fusion protein:

Doses ranged between 0.02 and 1.0 mg/kg high affinity
1G4 TCR/IL-2 fusion proteins in PBS, administered at 5, 6,7,
8,11, 13,17, 20, 24, 28, and 30 day post-tumor engraftment.
In all experiments, a control treatment group was included
where PBS alone was substituted for the TCR/IL-2 immuno-
conjugate.

Tumor size was then measured using callipers and tumor
volume determined according to the following formula (W?x
L)/2, where W=the smallest diameter of the tumor, and L=is
the longest diameter.

Results

The therapeutic effect of the TCR/IL-2 immunoconjugates
in terms of tumor growth inhibition is shown in FIG. 21.
Conclusions

The TCR/IL-2 immunoconjugate exhibited a clear dose-
dependent anti-tumor effect as shown by the tumour growth
curves depicted in FIG. 21.

EXAMPLE 12

Quantification of Cell Surface TCR Ligands by
Fluorescence Microscopy Using High Affinity
¢58¢61 1G4 TCR

The number of SLLMWITQC (SEQ ID NO:126)-HLA-
A*0201 antigens on cancer cells (Mel 526, Mel 624 and
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SK-Mel-37 cell lines) was determined (on the assumption
that one fluorescence signal relates to a single labelled TCR
bound to its cognate pMHC ligand on the surface of the target
cell) by single molecule fluorescence microscopy using the
high-affinity ¢58c61 1G4 TCR. This was facilitated by using
biotinylated TCR to target the antigen-expressing cancer cells
and subsequent labelling of cell-bound TCR by streptavi-
din-R phycoerythrin (PE) conjugates. Individual PE mol-
ecules were then imaged by 3-dimensional fluorescence
microscopy.

Staining of Adherent Cells.

The cancer cells were plated into chamber well slides and
allowed to adhere overnight in incubator. (37° C., 5% CO,)
Media was removed and replaced with fresh R10. Media was
removed, and cells washed twice with 500 ul of PBS supple-
mented with 400 uM MgCl, (PBS/Mg). Cells were incubated
in 200 pl of TCR solution (5 g ml~* high affinity ¢58c61 1G4
TCR, or 5 ug mI™* of an “irrelevant” HLA-A2-tax peptide-
specific high affinity TCR, in PBS/Mg containing 0.5% BSA
albumin) for 30 min at 4° C. TCR solution was removed, and
cells were washed three times with 500 ul of PBS/Mg. Cells
were incubated in 200 pl of streptavidin-PE solution (5 pg
ml™! streptavidin-PE in PBS/Mg containing 0.5% BSA) at
room temperature in the dark for 20 min. Streptavidin-PE
solution was removed and cells were washed five times with
500 pl of PBS/Mg. Wash media was removed, and cells kept
in 400 pl of imaging media before imaging by fluorescence
microscopy.

Fluorescence Microscopy.

Fluorescent microscopy was carried out using an Axiovert
200M (Zeiss) microscope with a 63x Oil objective (Zeiss). A
Lambda LS light source containing a 300 W Xenon Arc lamp
(Sutter) was used for illumination, and light intensity was
reduced to optimal levels by placing a 0.3 and a 0.6 neutral
density filter into the light path. Excitation and emission
spectra were separated using a TRITC/Dil filter set (Chroma).
Cells were imaged in three dimensions by z-stack acquisition
(21 planes, 1 um apart). Image acquisition and analysis was
performed using Metamorph software (Universal Imaging)
as described (Irvine et al., Nature (419), p 845-9, and Purbhoo
et al., Nature Immunology (5), p 524-30).

Results
As demonstrated by FIG. 22 the above method was used
successfully to image high affinity 1G4 TCR bound to SLL-

MWITQC (SEQ ID NO:126)-HLA-A*0201 antigens on the
surface of Mel 526, Mel 624 and SK-Mel-37 cancer cells.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 127
<210>
<211>
<212>

<213>

SEQ ID NO 1

LENGTH: 115

TYPE: PRT

ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

1 5 10

15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
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30

Leu Gln Trp
35

Leu Ile Gln
50

Ser Leu Asp
65

Gln Pro Gly

Gly Gly Ser

His Pro Tyr
115

<210> SEQ I
<211> LENGT.
<212> TYPE:

20

Phe Arg Gln Asp Pro

40

Ser Ser Gln Arg Glu

55

Lys Ser Ser Gly Arg

70

Asp Ser Ala Thr Tyr

Tyr Ile Pro Thr Phe

100

D NO 2
H: 112
PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Gly Val
1

Ser Met Thr

Trp Tyr Arg

Val Gly Ala

50

Val Ser Arg

Ala Pro Ser

Asn Thr Gly

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Gln Thr Pro Lys

5

Leu Gln Cys Ala Gln

20

Gln Asp Pro Gly Met

40

Gly Ile Thr Asp Gln

55

Ser Thr Thr Glu Asp

70

Gln Thr Ser Val Tyr

85

Glu Leu Phe Phe Gly

100

D NO 3
H: 627
DNA

25

Gly

Gln

Ser

Leu

Gly
105

Phe

Asp

25

Gly

Gly

Phe

Phe

Glu
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Lys

Thr

Thr

Cys

90

Arg

Gln

10

Met

Leu

Glu

Pro

Cys

90

Gly

Gly

Ser

Leu

75

Ala

Gly

Val

Asn

Arg

Val

Leu

75

Ala

Ser

30

Leu Thr Ser
45

Gly Arg Leu
60

Tyr Ile Ala

Val Arg Pro

Thr Ser Leu
110

Leu Lys Thr

His Glu Tyr
30

Leu Ile His
Pro Asn Gly
60

Arg Leu Leu

Ser Ser Tyr

Arg Leu Thr
110

Leu Leu

Asn Ala

Ala Ser

80

Thr Ser
95

Ile Val

Gly Gln
15

Met Ser

Tyr Ser

Tyr Asn

Ser Ala
80

Val Gly
95

Val Leu

<223> OTHER INFORMATION: DNA encoding Soluble version of 1G4 TCR alpha

chain

<400> SEQUENCE: 3

atgcaggagg

ctcaactgca

gggaaaggtc

agacttaatg

cagcctggtyg

atacctacat

cctgeegtgt

gattttgatt

aaaactgtge

aacaaatctg

tgacacagat

gtttcactga

tcacatctct

cctegetgga

actcagccac

ttggaagagg

accagctgag

ctcaaacaaa

tagacatgag

actttgcatg

tcctgeaget

tagcgcetatt

gttgcttatt

taaatcatca

ctacctetgt

aaccagectt

agactctaaa

tgtgtcacaa

gtctatggac

tgcaaacgcc

ctgagtgtce

tacaacctcce

cagtcaagtc

ggacgtagta

getgtgagge

attgttcatce

tccagtgaca

agtaaggatt

ttcaagagca

ttcaacaaca

cagaaggaga

agtggtttag

agagagagca

ctttatacat

ccacatcagg

cgtatatcca

agtctgtetyg

ctgatgtgta

acagtgctgt

gcattattce

aaacttggtt

gcaggaccct

aacaagtgga

tgcagettet

aggaagctac

gaaccctgac

cctattcacce

tatcacagac

ggcctggagc

agaagacacc

60

120

180

240

300

360

420

480

540

600
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ttctteccca geccagaaag ttectaa

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 4
H: 729
DNA

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: DNA encoding Soluble version of 1G4 TCR beta

chain

RE:

<400> SEQUENCE: 4

atgggtgtca

cagtgtgece

gggctgagge

aatggctaca

getecctece

ctgtttttty

ccegaggteg

ctggtgtgec

dggaaggagyg

ctcaatgact

gaccceccgcea

tggacccagyg

gcagactaa

<210> SEQ I

<211> LENGT.
<212> TYPE:

ctcagaccce

aggatatgaa

tgattcatta

atgtctccag

agacatctgt

gagaaggctce

ctgtgtttga

tggccacagyg

tgcacagtygg

ccagatacge

accactteeg

atagggccaa

D NO 5
H: 208
PRT

aaaattccag

ccatgaatac

ctcagttggt

atcaaccaca

gtacttetgt

taggctgacc

gccatcagaa

cttctaccce

ggtcagcaca

tctgagcage

ctgtcaagte

accegteace

gtcetgaaga

atgtcctggt

getggtatca

gaggatttce

gccageagtt

gtactggagg

gcagagatct

gaccacgtgg

gacccgcage

cgcctgaggg

cagttctacg

cagatcgtca

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Soluble

<400> SEQUENCE: 5

Met Gln Glu
1

Glu Asn Leu

Leu Gln Trp
35

Leu Ile Gln

Ser Leu Asp
65

Gln Pro Gly

Gly Gly Ser

His Pro Tyr

115

Ser Lys Ser
130

Gln Thr Asn
145

Val Thr Gln Ile Pro

5

Val Leu Asn Cys Ser

20

Phe Arg Gln Asp Pro

40

Ser Ser Gln Arg Glu

Lys Ser Ser Gly Arg

70

Asp Ser Ala Thr Tyr

85

Tyr Ile Pro Thr Phe

100

Ile Gln Asn Pro Asp

120

Ser Asp Lys Ser Val

135

Val Ser Gln Ser Lys
150

version of

Ala Ala Leu
10

Phe Thr Asp
25

Gly Lys Gly

Gln Thr Ser

Ser Thr Leu
75

Leu Cys Ala
90

Gly Arg Gly
105

Pro Ala Val

Cys Leu Phe

Asp Ser Asp
155

caggacagag
atcgacaaga
ctgaccaagg
cgctcagget
acgtcgggaa
acctgaaaaa
cccacaccca
agctgagetyg
ccctcaagga
tcteggecac
ggctctegga

gcgecgagge

1G4 TCR alp

Ser Val Pro

Ser Ala Ile
30

Leu Thr Ser
45

Gly Arg Leu

Tyr Ile Ala

Val Arg Pro

Thr Ser Leu
110

Tyr Gln Leu
125

Thr Asp Phe
140

Val Tyr Ile

catgacactg
cccaggeatyg
agaagtccce
getgtegget
caccggggag
cgtgttececa
aaaggccaca
gtgggtgaat
gecagceegece
cttetggeag
gaatgacgag

ctggggtaga

ha chain

Glu Gly
15

Tyr Asn

Leu Leu

Asn Ala

Ala Ser

80

Thr Ser

95

Ile Val

Arg Asp

Asp Ser

Thr Asp
160

627

60

120

180

240

300

360

420

480

540

600

660

720

729
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Lys Thr Val Leu Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala
165 170 175

Val Ala Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn
180 185 190

Asn Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Pro Glu Ser Ser
195 200 205

<210> SEQ ID NO 6

<211> LENGTH: 242

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Soluble version of 1G4 TCR beta chain

<400> SEQUENCE: 6

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln
1 5 10 15

Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30

Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser
35 40 45

Val Gly Ala Gly Ile Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala
65 70 75 80

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val Gly
85 90 95

Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

Glu Asp Leu Lys Asn Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro
115 120 125

Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys Leu
130 135 140

Ala Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser Trp Trp Val Asn
145 150 155 160

Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu Lys
165 170 175

Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Ala Leu Ser Ser Arg Leu
180 185 190

Arg Val Ser Ala Thr Phe Trp Gln Asp Pro Arg Asn His Phe Arg Cys
195 200 205

Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp
210 215 220

Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg
225 230 235 240

Ala Asp

<210> SEQ ID NO 7

<211> LENGTH: 627

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: DNA encoding a soluble version of 1G4 TCR alpha
chain containing a non native cysteine codon

<400> SEQUENCE: 7

atgcaggagg tgacacagat tcctgcaget ctgagtgtec cagaaggaga aaacttggtt 60



35

US 9,156,903 B2

36

-continued
ctcaactgca gtttcactga tagcgctatt tacaacctece agtggtttag gcaggaccct 120
gggaaaggtce tcacatctct gttgettatt cagtcaagtce agagagagca aacaagtgga 180
agacttaatg cctcgetgga taaatcatca ggacgtagta ctttatacat tgcagettcet 240
cagcetggtyg actcagecac ctacctetgt getgtgagge ccacatcagyg aggaagctac 300
atacctacat ttggaagagg aaccagcctt attgttcate cgtatatcca gaaccctgac 360
cctgecgtgt accagetgag agactctaaa tccagtgaca agtctgtetg cctattcace 420
gattttgatt ctcaaacaaa tgtgtcacaa agtaaggatt ctgatgtgta tatcacagac 480
aaatgtgtgce tagacatgag gtctatggac ttcaagagca acagtgctgt ggcctggage 540
aacaaatctg actttgcatg tgcaaacgcce ttcaacaaca gcattattcc agaagacacce 600
ttectteccca gecccagaaag ttcectaa 627

<210> SEQ ID NO 8
<211> LENGTH: 729

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: DNA encoding a soluble version of the 1G4 TCR

beta chain containing a non native cysteine codon

<400> SEQUENCE: 8

atgggtgtca

cagtgtgece

gggctgagge

aatggctaca

getecctece

ctgtttttty

ccegaggteg

ctggtgtgec

dggaaggagyg

ctcaatgact

gaccceccgcea

tggacccagyg

gcagactaa

ctcagaccce

aggatatgaa

tgattcatta

atgtctccag

agacatctgt

gagaaggctce

ctgtgtttga

tggccacagyg

tgcacagtygg

ccagatacge

accactteeg

atagggccaa

<210> SEQ ID NO 9
<211> LENGTH: 208

<212> TYPE:

PRT

aaaattccag

ccatgaatac

ctcagttggt

atcaaccaca

gtacttetgt

taggctgacc

gccatcagaa

cttctaccce

ggtctgcaca

tctgagcage

ctgtcaagte

accegteace

gtcetgaaga

atgtcctggt

getggtatca

gaggatttce

gccageagtt

gtactggagg

gcagagatct

gaccacgtgg

gacccgcage

cgcctgaggg

cagttctacg

cagatcgtca

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

caggacagag

atcgacaaga

ctgaccaagg

cgctcagget

acgtcgggaa

acctgaaaaa

cccacacceca

agctgagetyg

ccctcaagga

tcteggecac

ggctctegga

gcgecgagge

Soluble version of the 1G4

containing a non-native cysteine residue

<400> SEQUENCE: 9

Met Gln Glu Val Thr Gln Ile Pro

1

5

Glu Asn Leu Val Leu Asn Cys Ser

20

Leu Gln Trp Phe Arg Gln Asp Pro

35

40

Leu Ile Gln Ser Ser Gln Arg Glu

Ala Ala Leu
10

Phe Thr Asp
25

Gly Lys Gly

Gln Thr Ser

Ser Val

Ser Ala

Leu Thr

45

Gly Arg

TCR

Pro

Ile

30

Ser

Leu

catgacactg
cccaggeatyg
agaagtccce
getgtegget
caccggggag
cgtgttececa
aaaggccaca
gtgggtgaat
gecagceegece
cttetggeag
gaatgacgag

ctggggtaga

alpha chain

Glu Gly
15
Tyr Asn

Leu Leu

Asn Ala

60

120

180

240

300

360

420

480

540

600

660

720

729
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38

Ser
65
Gln

Gly

Ser
Gln
145

Lys

Asn

50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Ser
85 90 95

Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp
115 120 125

Lys Ser Ser Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser
130 135 140

Thr Asn Val Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp
150 155 160

Cys Val Leu Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala
165 170 175

Ala Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn
180 185 190

Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Pro Glu Ser Ser
195 200 205

<210> SEQ ID NO 10

<211> LENGTH: 242

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Soluble version of the 1G4 TCR beta chain

containing a non native cysteine residue

<400> SEQUENCE: 10

Met
1

Ser

Trp

Ala

Asn

Glu

Ser

Ala

145

Gly

Glu

Arg

Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln
5 10 15

Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30

Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser
Gly Ala Gly Ile Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala
70 75 80

Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val Gly
85 90 95

Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

Asp Leu Lys Asn Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro
115 120 125

Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys Leu
130 135 140

Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser Trp Trp Val Asn
150 155 160

Lys Glu Val His Ser Gly Val Cys Thr Asp Pro Gln Pro Leu Lys
165 170 175

Gln Pro Ala Leu Asn Asp Ser Arg Tyr Ala Leu Ser Ser Arg Leu
180 185 190

Val Ser Ala Thr Phe Trp Gln Asp Pro Arg Asn His Phe Arg Cys
195 200 205
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40

Gln

Arg
225

Ala

Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp
210 215 220

Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg
230 235 240

Asp

<210> SEQ ID NO 11

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 11

Met

1

Glu

Leu

Leu

Ser

65

Gln

Asp

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Leu

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 12

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 12

Met

1

Glu

Leu

Leu

Ser
65

Gln

Asn

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg His Thr Ser
85 90 95

Gly Tyr Phe Pro Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

chain

chain
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42

<210> SEQ ID NO 13

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 13

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Met Thr
85 90 95

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 14

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 14

Met

1

Glu

Leu

Leu

Ser

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Tyr
85 90 95

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 15

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 15

chain

chain

chain
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44

Met

Glu

Leu

Leu

Ser

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Met Ile
85 90 95

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 16

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: high affinity 1G4 TCR variant

<400> SEQUENCE: 16

Met

1

Glu

Leu

Leu

Ser

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Thr
85 90 95

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 17

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 17

Met
1

Glu

Leu

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

chain
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46

Leu
Ser
65

Gln

Gly

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Thr
85 90 95

Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 18

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 18

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ala Thr
85 90 95

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 19

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 19

Met
1

Glu

Ser
65

Gln

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Gln Thr
85 90 95

chain

chain
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48

Val

His

Pro Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 20

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 20

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30
Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala

50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Met Ser
85 90 95

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 21

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 21

Met
1

Glu

Ser
65

Gln

Ser

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Tyr Gln
85 90 95

Gly His Tyr Met Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 22
<211> LENGTH: 115

chain

chain
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50

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 22

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Ser

Gly Asp Tyr Thr Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 23

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 23

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Met Leu

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 24

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 24

Met

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

chain

chain

chain
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52

Glu

Leu

Leu

Ser

Gln

Asp

5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Gln
85 90 95

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 25

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 25

Met

1

Glu

Leu

Leu

Ser

Gln

Asp

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Met Thr
85 90 95

Ser Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 26

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 26

Met

1

Glu

Leu

Leu

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala

chain

chain
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54

Ser
65

Gln

Asp

50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Val
85 90 95

Pro Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 27

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 27

Met

1

Glu

Leu

Leu

Ser

65

Gln

Asp

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Glu Val
85 90 95

Ala Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 28

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 28

Met

1

Glu

Leu

Leu

Ser

65

Gln

Asp

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Glu
85 90 95

Ser Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val

chain

chain
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100 105 110

His Pro Tyr
115

<210> SEQ ID NO 29

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 29

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Leu Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Val
85 90 95

Gly Gly Val Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 30

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 30

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
Leu Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Ser
85 90 95

Gly Gly Asn Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 31
<211> LENGTH: 115
<212> TYPE: PRT
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-continued

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 31

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

Leu Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Thr
85 90 95

Gly Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 32

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 32

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

Leu Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ile Ser

Gly Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 33

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 33

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15
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60

Glu

Leu

Leu

Ser

65

Gln

Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Met Ser
Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 34

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 34

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Met Thr
Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 35

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 35

Met

1

Glu

Leu

Leu

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

chain

chain
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62

Ser

Gln

Gly

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ile Ser
85 90 95

Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 36

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 36

Met

1

Glu

Leu

Leu

Ser

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Ser
85 90 95

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 37

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 37

Met

1

Glu

Leu

Leu

Ser

65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Ala
85 90 95

Gly Ser Tyr Ile Pro Ala Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

chain

chain
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-continued

His Pro Tyr
115

<210> SEQ ID NO 38

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 38

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Leu Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ala Ser
85 90 95

Gly Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 39

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 39

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Leu Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ala Thr
85 90 95

Gly Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 40

<211> LENGTH: 114

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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-continued

<220> FEATURE:
<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 40

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

Leu Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Gln
85 90 95

Tyr Thr Gln Val Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val His
100 105 110

Pro Tyr

<210> SEQ ID NO 41

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 41

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Ala Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

Leu Ile Gln Pro Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Ser
85 90 95

Gly Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 42

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 42

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
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-continued

68

Leu

Leu

Ser

65

Gln

Gly

20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Pro Phe Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Ser

Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 43

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 43

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Ser

Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 44

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 44

Met

1

Glu

Leu

Leu

Ser

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Thr Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser

chain

chain
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-continued

70

65

Gln

Gly

His

70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Ser
85 90 95

Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 45

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 45

Met

1

Glu

Leu

Leu

Ser

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Gly Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Ser
85 90 95

Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 46

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 46

Met

1

Glu

Leu

Leu

Ser

65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Met Gly His Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Ser
85 90 95

Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr

chain

chain
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115

<210> SEQ ID NO 47

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 47

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Leu Ile Met Gly Thr Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Ser
85 90 95

Gly Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 48

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 48

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Leu Ile Pro Phe Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Leu
85 90 95

Asp Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 49

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
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-continued

74

variable domain AA sequence

<400> SEQUENCE: 49

Met

1

Glu

Leu

Leu

Ser

65

Gln

Asp

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Thr Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Leu
85 90 95

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 50

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 50

Met

1

Glu

Leu

Leu

Ser

65

Gln

Asp

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Leu
85 90 95

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 51

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 51

Met
1

Glu

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

chain

chain
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76

Leu

Leu

Ser

65

Gln

Asp

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
Ile Met Gly His Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Leu
85 90 95

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 52

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 52

Met

1

Glu

Leu

Leu

Ser

65

Gln

Asp

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
Ile Met Gly Thr Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Leu
85 90 95

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 53
<211> LENGTH: 115
<212> TYPE: PRT

<213> ORGANISM: High affinity variant of 1G4 TCR alpha chain variable

domain AA sequence

<400> SEQUENCE: 53

Met
1

Glu

Leu

Leu

Ser

65

Gln

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Met Gly Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Leu
85 90 95

chain
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78

Asp

His

Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 54

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 54

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30
Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala

50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Arg
85 90 95

Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 55

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 55

Met

1

Glu

Leu

Leu

Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala

50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Asn Asp
85 90 95

Ser Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 56

chain

chain
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80

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 56

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ala Trp

Gly Asn Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 57

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 57

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ala Glu

Gly Glu Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 58

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 58

chain

chain

chain
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82

Met

Glu

Leu

Leu

Ser

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Phe Thr
85 90 95

Gly Gly Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 59

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 59

Met

1

Glu

Leu

Leu

Ser

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Val Ser
85 90 95

Gly Asp Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 60

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 60

Met
1

Glu

Leu

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

chain

chain
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84

Leu
Ser
65

Gln

Asp

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Asp
85 90 95

Gly Gly Arg Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 61

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 61

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Asn Thr
85 90 95

Gly Gln Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 62

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 62

Met
1

Glu

Leu

Leu

Ser

65

Gln

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ile Ala
85 90 95

chain

chain
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86

Gly

His

-continued
Gly Lys Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110
Pro Tyr

115

<210> SEQ ID NO 63

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 63

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30
Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala

50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Gly Thr
85 90 95

Gly Asp Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 64

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 64

Met
1

Glu

Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ala Ala
85 90 95

Gly Ser Asp Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 65
<211> LENGTH: 115

chain

chain



US 9,156,903 B2
87

-continued

88

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 65

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Ala

Gly Ala Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 66

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 66

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ala Arg

Gly Asp Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 67

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 67

Met

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

chain

chain

chain
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90

Glu

Leu

Leu

Ser

Gln

Gly

5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Gly
85 90 95

Gly Ile Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 68

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 68

Met

1

Glu

Leu

Leu

Ser

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Met Gly
85 90 95

Gly Arg Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 69

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 69

Met

1

Glu

Leu

Leu

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Gly Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala

chain

chain



US 9,156,903 B2
91

-continued

92

Ser
65

Gln

Gly

50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ser Val
85 90 95

Gly Asn Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 70

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 70

Met
1
Glu
Leu
Leu
Ser
65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Gly Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ala Thr
85 90 95

Gly Asn Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 71

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 71

Met

1

Glu

Leu

Leu

Ser

65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Gly Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Thr
85 90 95

Gly Ala Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val

chain

chain
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100 105 110

His Pro Tyr
115

<210> SEQ ID NO 72

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 72

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Leu Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Arg Glu
85 90 95

Ser Gly Asn Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 73

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 73

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
Leu Ile Gln Gly Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ile Ser
85 90 95

Gly Gly Asp Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 74
<211> LENGTH: 115
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 74

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

Leu Ile Gln Gly Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ala His
85 90 95

Asn Gly Asn Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 75

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 75

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

Leu Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Asp Asn

Thr Trp Gly Thr Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile
100 105 110

Val His Pro Tyr
115

<210> SEQ ID NO 76

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 76

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15
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98

Glu

Leu

Leu

Ser

65

Gln

Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Gly Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Val Glu
Gly Asp Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 77

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 77

Met

1

Glu

Leu

Leu

Ser

65

Gln

Ser

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ala Ala
Gly Asn Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 78

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 78

Met

1

Glu

Leu

Leu

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Gly Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

chain

chain
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100

Ser

Gln

Gly

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ile Ser
85 90 95

Gly Glu Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 79

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 79

Met

1

Glu

Leu

Leu

Ser

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
5 10 15

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Ser Pro Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ile Thr
85 90 95

Gly Gly Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

Pro Tyr
115

<210> SEQ ID NO 80

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha

variable domain AA sequence

<400> SEQUENCE: 80

Met

1

Glu

Leu

Leu

Ser

65

Gln

Gly

Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly

Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Ile Gln Gly Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
70 75 80

Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Leu Lys
85 90 95

Gly Ala Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

chain

chain
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His Pro Tyr
115

<210> SEQ ID NO 81

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 81

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Leu Ile Gln Gly Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ala Glu
85 90 95

Gly Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 82

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 82

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Leu Ile Gln Gly Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Ser Thr
85 90 95

Gly Gly Asn Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr
115

<210> SEQ ID NO 83

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: High affinity variant of 1G4 TCR alpha chain
variable domain AA sequence

<400> SEQUENCE: 83

Met Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30

Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu

Leu Ile Gln Gly Trp Gln Arg Glu Gln Thr Ser Gly Arg Leu Asn Ala
50 55 60

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala Ala Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Val Asp
85 90 95

Asp Gly Gly Lys Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile
100 105 110

Val His Pro Tyr
115

<210> SEQ ID NO 84

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain
variable domain AA sequence

<400> SEQUENCE: 84

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln
1 5 10 15

Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30

Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser

Val Gly Ala Gly Thr Thr Asp Arg Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Val Ser Arg Ser Thr Ile Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala
65 70 75 80

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Leu Gly
85 90 95

Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 85

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain
variable domain AA sequence

<400> SEQUENCE: 85

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln
1 5 10 15

Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30
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Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser
35 40 45
Val Gly Ala Gly Thr Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Val Ser Arg Ser Thr Ile Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala

65 70 75 80

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Leu Gly

85 90 95

Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 86

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain

variable domain AA sequence

<400> SEQUENCE: 86

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln

1 5 10 15

Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30

Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser

35 40 45
Val Gly Ala Gly Thr Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala

65 70 75 80

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Asn Val Gly

85 90 95

Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 87

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain

variable domain AA sequence

<400> SEQUENCE:

Met Gly Val

1

Ser

Trp

Ala

Gly

Met

Tyr

Gly

50

Ser

Pro

Thr

Thr

Arg

35

Ala

Arg

Ser

Gly

Thr

Leu
20

Gln

Gly

Ser

Gln

Glu
100

87

Gln

Gln

Asp

Thr

Thr

Thr

85

Leu

Thr

Cys

Pro

Thr

Thr

70

Ser

Phe

Pro

Ala

Gly

Asp

55

Glu

Val

Phe

Lys

Gln

Met

40

Gln

Asp

Tyr

Gly

Phe

Asp

25

Gly

Gly

Phe

Phe

Glu
105

Gln

10

Met

Leu

Glu

Pro

Cys
90

Gly

Val Leu

Asn His

Arg Leu

Val Pro
60

Leu Arg
75

Ala Ser

Ser Arg

Lys

Glu

Ile

45

Asn

Leu

Ser

Leu

Thr

Tyr

30

His

Gly

Leu

Tyr

Thr
110

Gly

Met

Tyr

Tyr

Ser

Val

95

Val

Gln

Ser

Ser

Asn

Ala

80

Gly

Leu
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<210> SEQ ID NO 88

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain
variable domain AA sequence

<400> SEQUENCE: 88

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln
1 5 10 15

Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30

Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser
35 40 45

Val Gly Ala Gly Ile Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Val Ser Arg Ser Thr Ile Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala
65 70 75 80

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val Gly
85 90 95

Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 89

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain
variable domain AA sequence

<400> SEQUENCE: 89

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln
1 5 10 15

Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30

Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser
35 40 45

Val Gly Ala Gly Thr Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala
65 70 75 80

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Leu Gly
85 90 95

Asp Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 90

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain
variable domain AA sequence

<400> SEQUENCE: 90

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln
1 5 10 15

Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
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20 25 30

Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser

35 40 45
Val Gly Val Gly Thr Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala

65 70 75 80

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Leu Gly

85 90 95

Asp Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 91

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain

variable domain AA sequence

<400> SEQUENCE: 91

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln

1 5 10 15

Ser Val Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30

Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser

35 40 45
Val Gly Val Gly Thr Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala

65 70 75 80

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Leu Gly

85 90 95

Asp Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 92

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain

variable domain AA sequence

<400> SEQUENCE:

Met
1

Ser

Trp

Ala

Asn

Gly

Met

Tyr

Ser

50

Ser

Pro

Thr

Val

Thr

Arg

35

Val

Arg

Ser

Gly

Thr

Leu

20

Gln

Gly

Ser

Gln

Glu

92

Gln

Gln

Asp

Met

Thr

Thr

85

Leu

Thr

Cys

Pro

Thr

Thr

70

Ser

Phe

Pro

Ala

Gly

Asp

55

Glu

Val

Phe

Lys

Gln

Met

40

Gln

Asp

Tyr

Gly

Phe

Asp

25

Gly

Gly

Phe

Phe

Glu

Gln

10

Met

Leu

Glu

Pro

Cys

90

Gly

Val Leu

Asn His

Arg Leu

Val Pro

60

Leu Arg
75

Ala Ser

Ser Arg

Lys

Glu

Ile

45

Asn

Leu

Ser

Leu

Thr

Tyr

30

His

Gly

Leu

Tyr

Thr

Gly

15

Met

Tyr

Tyr

Ser

Val

95

Val

Gln

Ser

Ser

Asn

Ala

80

Gly

Leu



111

US 9,156,903 B2

-continued

112

100 105

<210> SEQ ID NO 93

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>

variable domain AA sequence

<400> SEQUENCE: 93

Met Gly Val Thr Gln Thr Pro Lys Phe

1

Ser

Trp

Met Thr Leu Gln Cys Ala Gln Asp

20 25

Tyr Arg Gln Asp Pro Gly Met Gly
35 40

Ala Ile Gln Thr Thr Asp Gln Gly

50 55

Ser Arg Ser Thr Thr Glu Asp Phe
70

Pro Ser Gln Thr Ser Val Tyr Phe
85

Thr Gly Glu Leu Phe Phe Gly Glu
100 105

<210> SEQ ID NO 94

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>

variable domain AA sequence

<400> SEQUENCE: 94

Met
1

Ser

Trp

Gly Val Thr Gln Thr Pro Lys Phe

Met Thr Leu Gln Cys Ala Gln Asp
20 25

Tyr Arg Gln Asp Pro Gly Met Gly
35 40

Ala Ile Gln Thr Thr Asp Gln Gly

50 55

Ser Arg Ser Thr Ile Glu Asp Phe

Pro Ser Gln Thr Ser Val Tyr Phe
85

Thr Gly Glu Leu Phe Phe Gly Glu
100 105

<210> SEQ ID NO 95

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>

variable domain AA sequence

<400> SEQUENCE: 95

Gln

10

Met

Leu

Glu

Pro

Cys

90

Gly

Gln

10

Met

Leu

Glu

Pro

Cys

90

Gly

Val

Asn

Arg

Val

Leu

75

Ala

Ser

Val

Asn

Arg

Val

Leu

75

Ala

Ser

Leu

His

Leu

Pro

60

Arg

Ser

Arg

Leu

His

Leu

Pro

60

Arg

Ser

Arg

Lys

Glu

Ile

45

Asn

Leu

Ser

Leu

Lys

Glu

Ile

45

Asn

Leu

Ser

Leu

110

Thr

Tyr

30

His

Gly

Leu

Tyr

Thr
110

Thr

Tyr

30

His

Gly

Leu

Tyr

Thr
110

Gly

Met

Tyr

Tyr

Ser

Val

95

Val

Gly

15

Met

Tyr

Tyr

Ser

Leu

95

Val

OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain

Gln

Ser

Ser

Asn

Ala

80

Gly

Leu

OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain

Gln

Ser

Ser

Asn

Ala

Gly

Leu

OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln

1

5

10

15
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Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30

Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser

35 40 45
Val Ser Val Gly Met Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Val Ser Arg Ser Thr Ile Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala

65 70 75 80

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Leu Gly

85 90 95

Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 96

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain

variable domain AA sequence

<400> SEQUENCE: 96

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln

1 5 10 15

Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30

Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser

35 40 45
Val Gly Ala Gly Thr Thr Asp Arg Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Val Ser Arg Ser Thr Ile Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala

65 70 75 80

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val Gly

85 90 95

Val Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 97

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain

variable domain AA sequence

<400> SEQUENCE:

Met Gly Val Thr

1

Ser

Trp

Ala

Met

Tyr

Gly

50

Ser

Pro

Thr

Arg

35

Ala

Arg

Ser

Leu

20

Gln

Gly

Ser

Gln

97

Gln

Gln

Asp

Thr

Thr

Thr
85

Thr

Cys

Pro

Thr

Ile

70

Ser

Pro

Ala

Gly

Asp

55

Glu

Val

Lys

Gln

Met

40

Arg

Asp

Tyr

Phe

Asp

25

Gly

Gly

Phe

Phe

Gln

10

Met

Leu

Glu

Pro

Cys
90

Val Leu

Asn His

Arg Leu

Val Pro
60

Leu Arg
75

Ala Ser

Lys

Glu

Ile

45

Asn

Leu

Ser

Thr

Tyr

30

His

Gly

Leu

Tyr

Gly

15

Met

Tyr

Tyr

Ser

Val
95

Gln

Ser

Ser

Asn

Ala

80

Gly
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Asp Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 98

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain
variable domain AA sequence

<400> SEQUENCE: 98

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln
1 5 10 15

Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30

Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser
35 40 45

Val Gly Ala Gly Thr Thr Asp Arg Gly Glu Val Pro Asn Gly Tyr Asn

Val Ser Arg Ser Thr Ile Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala
65 70 75 80

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Leu Gly
85 90 95

Asp Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 99

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain
variable domain AA sequence

<400> SEQUENCE: 99

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln
1 5 10 15

Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30

Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser
35 40 45

Val Gly Ala Gly Thr Thr Asp Arg Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Val Ser Arg Ser Thr Ile Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Phe Val Gly
85 90 95

Asp Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 100

<211> LENGTH: 47

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence of a soluble form of TRAC

<400> SEQUENCE: 100

Asn Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser Lys
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1 5

Ser Ser Asp Lys Ser Val Cys Leu Phe
20 25

Asn Val Ser Gln Ser Lys Asp Ser Asp
35 40

<210> SEQ ID NO 101

<211> LENGTH: 56

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amino acid

<400> SEQUENCE: 101

Glu Asp Leu Asn Lys Val Phe Pro Pro
1 5

Ser Glu Ala Glu Ile Ser His Thr Gln
20 25

Ala Thr Gly Phe Phe Pro Asp His Val
35 40

Gly Lys Glu Val His Ser Gly Val
50 55

<210> SEQ ID NO 102

<211> LENGTH: 56

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amino acid

<400> SEQUENCE: 102

Glu Asp Leu Lys Asn Val Phe Pro Pro
1 5

Ser Glu Ala Glu Ile Ser His Thr Gln
20 25

Ala Thr Gly Phe Tyr Pro Asp His Val
35 40

Gly Lys Glu Val His Ser Gly Val
50 55

<210> SEQ ID NO 103

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

10 15

Thr Asp Phe Asp Ser Gln Thr
30

Val Tyr Ile Thr Asp Lys
45

sequence of a soluble form of TRBC1l

Glu Val Ala Val Phe Glu Pro
10 15

Lys Ala Thr Leu Val Cys Leu
30

Glu Leu Ser Trp Trp Val Asn
45

sequence of a soluble form of TRBC2

Glu Val Ala Val Phe Glu Pro
10 15

Lys Ala Thr Leu Val Cys Leu
30

Glu Leu Ser Trp Trp Val Asn
45

<223> OTHER INFORMATION: Short scTCR linker

<400> SEQUENCE: 103

Pro Gly Gly Gly Ser Gly Gly Gly Gly
1 5

Gly Gly Gly Ser Gly Gly Gly Gly Ser
20 25

<210> SEQ ID NO 104

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Long scTCR

<400> SEQUENCE: 104

Pro Gly Gly Gly Ser Gly Gly Gly Gly

Ser Gly Gly Gly Gly Ser Gly
10 15

Gly Gly Gly Gly Pro
30

linker

Ser Gly Gly Gly Gly Ser Gly
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1 5 10 15

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly
20 25 30

Gly Gly Pro
35

<210> SEQ ID NO 105

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 105

tctetcatta atgaaacagg aggtgacgca gattcct 37

<210> SEQ ID NO 106

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 106

cggcagggtc agggttctgg 20

<210> SEQ ID NO 107

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 107

ccagaaccct gaccctgecg 20

<210> SEQ ID NO 108

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 108

aagctteceg ggggaacttt ctgggcetggg 30

<210> SEQ ID NO 109

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 109

tctectecatta atgaatgctg gtgtcactca gaccce 36

<210> SEQ ID NO 110

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 110

cttctgatgg ctcaaacaca gc 22
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122

<210> SEQ ID NO 111

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 111

getgtgtttyg agccatcaga ag

<210> SEQ ID NO 112

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 112

aagctteceg gggtetgete taccccagge

<210> SEQ ID NO 113

<211> LENGTH: 3342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pEX954 Vector

<400> SEQUENCE: 113

gatctcgate ccgcgaaatt aatacgactce actataggga gaccacaacyg gtttecctet
agaaataatt ttgtttaact ttaagaagga gatataatcg atgtctaact cgagtgacaa
gtctgtetge ctattcaccg attttgattce tcaaacaaat gtgtcacaaa gtaaggattce
tgatgtgtat atcacagaca aatgtgtgct agacatgagg tctatggact tcaagagcaa
cagtgetgtyg gectggagea acaaatctga ctttgecatgt gcaaacgect tcaacaacag
cattattcca gaagacacct tctteccccag cccagaaagt tectaagett gaattccgat
ceggetgeta acaaageccg aaaggaagcet gagttggetg ctgecacege tgagcaataa
ctagcataac cccttgggge ctctaaacgg gtettgaggg gttttttget gaaaggagga
actatatccg gataattctt gaagacgaaa gggcctegtg atacgectat ttttataggt
taatgtcatg ataataatgg tttcttagac gtgaggtgge actttteggg gaaatgtgeg
cggaacccct atttgtttat ttttctaaat acattcaaat atgtatcege tcatgagaca
ataaccctga taaatgctte aataatattt tgttaaaatt cgcgttaaat ttttgttaaa
tcagctcatt ttttaaccaa taggccgaaa tcggcaaaat cecttataaa tcaaaagaat
agaccgagat agggttgagt gttgttccag tttggaacaa gagtccacta ttaaagaacg

tggactccaa cgtcaaaggg cgaaaaaccg tctatcaggg cgatggccca ctacgtgaac
catcacccta atcaagtttt ttggggtega ggtgecgtaa agcactaaat cggaacccta
aagggagccce ccgatttaga gettgacggg gaaagecgge gaacgtggeg agaaaggaag
ggaagaaagc gaaaggagcg ggcgctaggyg cgctggcaag tgtageggte acgetgegeg
taaccaccac acccgecgeg cttaatgege cgetacaggg cgegtcaggt ggcactttte
ggggaaatgt gcgcggaacc cctatttgtt tatttttcta aatacattca aatatgtatc
cgctcatgag acaataacce tgataaatge ttcaataata ttgaaaaagg aagagtatga

gtattcaaca tttcegtgtce geccttatte ccttttttge ggcattttge ctteetgttt

22

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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ttgctcacce

tgggttacat

aacgttttece

ttgacgcegy

agtactcacc

gtgctgccat

gaccgaagga

gttgggaacc

cagcaatgge

ggcaacaatt

cectteegge

gtatcattge

cggggagtca

tgattaagca

aacttcattt

aaatccctta

gatcttettyg

cgctaccage

ctggcetteag

accacttcaa

tggectgetge

cggataagge

gaacgaccta

ccgaagggag

cgagggagct

tctgacttga

ccagcaacgc

ttectgegtt

cegetegecyg

gectgatgeyg

tctcagtaca

cgtgactggg

gettgtetge

tgtcagaggt

agaaacgctyg

cgaactggat

aatgatgagc

gcaagagcaa

agtcacagaa

aaccatgagt

gctaaccget

ggagctgaat

aacaacgttg

aatagactgg

tggctggttt

agcactgggg

ggcaactatg

ttggtaactg

ttaatttaaa

acgtgagttt

agatcetttt

ggtggtttgt

cagagcgcag

gaactctgta

cagtggegat

gcageggteg

caccgaactyg

aaaggcggac

tccaggggga

gegtegattt

ggccttttta

atccecctgat

cagccgaacyg

gtattttete

atctgetetyg

tcatggetge

tcceggeate

tttcaccgte

<210> SEQ ID NO 114
<211> LENGTH: 3836

<212> TYPE:

DNA

gtgaaagtaa

ctcaacagceg

acttttaaag

cteggtegec

aagcatctta

gataacactg

tttttgcaca

gaagccatac

cgcaaactat

atggaggcgg

attgctgata

ccagatggta

gatgaacgaa

tcagaccaag

aggatctagg

tcegttecact

tttetgegeyg

ttgccggatce

ataccaaata

gcaccgecta

aagtcgtgte

ggctgaacgg

agatacctac

aggtatcegg

aacgccetggt

ttgtgatget

cggttectygyg

tctgtggata

accgagecgea

cttacgcatce

atgccgeata

gececgacac

cgcttacaga

atcaccgaaa

aagatgctga

gtaagatcct

ttetgctatyg

gcatacacta

cggatggeat

cggccaactt

acatggggga

caaacgacga

taactggcga

ataaagttgc

aatctggage

agcecteeeg

atagacagat

tttactcata

tgaagatcct

gagegtcaga

taatctgetg

aagagctacc

ctgtecttet

catacctege

ttaccgggtt

ggggttcgtg

agcgtgaget

taagcggcag

atctttatag

cgtcaggggg

ccttttgety

accgtattac

gegagtcagt

tgtgcggtat

gttaagccag

ccgccaacac

caagctgtga

¢gegegagge

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: pEX821 Vector

<400> SEQUENCE: 114

agatcagttyg ggtgcacgag
tgagagtttt cgccccgaag
tggcgeggta ttatccegty
ttctcagaat gacttggttyg
gacagtaaga gaattatgca
acttctgaca acgatcggag
tcatgtaact cgccttgatce
gegtgacace acgatgectg
actacttact ctagcttcce
aggaccactt ctgecgetegg
cggtgagegt gggtctcgeg
tatcgtagtt atctacacga
cgctgagata ggtgectcac
tatactttag attgatttaa
ttttgataat ctcatgacca
cccegtagaa aagatcaaag
cttgcaaaca aaaaaaccac
aactcttttt ccgaaggtaa
agtgtagccg tagttaggec
tctgctaate ctgttaccag
ggactcaaga cgatagttac
cacacagccce agcttggage
atgagaaagc gccacgcette
ggteggaaca ggagagcegca
tcectgteggyg tttegecace
geggagecta tggaaaaacg
gecttttget cacatgttet
cgectttgag tgagctgata
gagcgaggaa gcggaagage
ttcacaccge aatggtgcac
tatacactcc gctatcgeta
cegetgacge gecctgacgyg
cegteteegyg gagetgeatg

ag

gatctcgate ccgcgaaatt aatacgactce actataggga gaccacaacyg gtttecctet

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3342

60
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agaaataatt ttgtttaact ttaagaagga gatatacata tgaacgctgg tgtcactcag 120
accccaaaat tccaggtcct gaagacagga cagagcatga cactgcagtyg tgcccaggat 180
atgaaccatg aatacatgtc ctggtatcga caagacccag gcatgggget gaggetgatt 240
cattactcag ttggtgctgg tatcactgac caaggagaag tccccaatgg ctacaatgte 300
tccagatcaa ccacagagga tttccegete aggetgetgt cggetgetece ctceccagaca 360
tctgtgtact tctgtgecag caggccggga ctagegggag ggcgaccaga gcagtactte 420
gggecgggea ccaggctcac ggtcacagag gacctgaaaa acgtgttcecc acccgaggtce 480
getgtgtttyg agecatcaga agcagagatc tcccacacce aaaaggccac actggtgtge 540
ctggecaceg gtttectacce cgaccacgtg gagetgaget ggtgggtgaa tgggaaggag 600
gtgcacagtyg gggtctgcac agacccgcag cccctcaagg agcagceccge cctcaatgac 660
tccagatacg ctctgagcag ccgcctgagg gteteggeca ccettetggea ggacccccge 720
aaccacttce gctgtcaagt ccagttctac gggetctegg agaatgacga gtggacccag 780
gatagggcca aacccgtcac ccagatcgtce agcgecgagg cctggggtag agcagactaa 840
gcttgaatte cgatccgget gctaacaaag cccgaaagga agctgagttg getgetgeca 900
ccgetgagea ataactagca taaccecttg gggectctaa acgggtcettyg aggggttttt 960
tgctgaaagg aggaactata tccggataat tcttgaagac gaaagggcct cgtgatacgce 1020
ctatttttat aggttaatgt catgataata atggtttctt agacgtcagg tggcactttt 1080
cggggaaatg tgcgcggaac ccctatttgt ttatttttet aaatacattc aaatatgtat 1140
ccgctcatga gacaataacc ctgataaatg cttcaataat attttgttaa aattcgegtt 1200
aaatttttgt taaatcagct cattttttaa ccaataggcc gaaatcggca aaatccctta 1260
taaatcaaaa gaatagaccg agatagggtt gagtgttgtt ccagtttgga acaagagtcc 1320
actattaaag aacgtggact ccaacgtcaa agggcgaaaa accgtctatc agggcgatgg 1380
cccactacgt gaaccatcac cctaatcaag ttttttgggg tcgaggtgcce gtaaagcact 1440
aaatcggaac cctaaaggga gcccccgatt tagagcttga cggggaaage cggcgaacgt 1500
ggcgagaaag gaagggaaga aagcgaaagg agcgggcgcet agggcegetgg caagtgtage 1560
ggtcacgcetyg cgegtaacca ccacacccge cgcegcettaat gegccgetac agggegegte 1620
aggtggcact tttcggggaa atgtgcgcgg aacccctatt tgtttatttt tcectaaataca 1680
ttcaaatatg tatccgctca tgagacaata accctgataa atgcttcaat aatattgaaa 1740
aaggaagagt atgagtattc aacatttccg tgtcgccctt attcecctttt ttgecggcatt 1800
ttgccttect gtttttgete acccagaaac gctggtgaaa gtaaaagatg ctgaagatca 1860
gttgggtgca cgagtgggtt acatcgaact ggatctcaac agcggtaaga tccttgagag 1920
ttttcgecce gaagaacgtt ttccaatgat gagcactttt aaagttctge tatgtggegce 1980
ggtattatcc cgtgttgacg ccgggcaaga gcaactcggt cgccgcatac actattctca 2040
gaatgacttg gttgagtact caccagtcac agaaaagcat cttacggatg gcatgacagt 2100
aagagaatta tgcagtgctg ccataaccat gagtgataac actgcggcca acttacttct 2160
gacaacgatc ggaggaccga aggagctaac cgcttttttg cacaacatgg gggatcatgt 2220
aactcgectt gatcgttggg aaccggagct gaatgaagcc ataccaaacg acgagcgtga 2280
caccacgatg cctgcagcaa tggcaacaac gttgcgcaaa ctattaactg gcgaactact 2340
tactctagct tcccggcaac aattaataga ctggatggag gcggataaag ttgcaggacce 2400
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acttctgege tecggeccctte cggctggcetg gtttattget gataaatctg gagccggtga 2460
gcgtgggtet cgcggtatca ttgcagcact ggggccagat ggtaagccct cccgtategt 2520
agttatctac acgacgggga gtcaggcaac tatggatgaa cgaaatagac agatcgctga 2580
gataggtgcc tcactgatta agcattggta actgtcagac caagtttact catatatact 2640
ttagattgat ttaaaacttc atttttaatt taaaaggatc taggtgaaga tcctttttga 2700
taatctcatg accaaaatcc cttaacgtga gttttcgttc cactgagcgt cagaccccgt 2760
agaaaagatc aaaggatctt cttgagatcc tttttttetg cgcgtaatct getgettgcea 2820
aacaaaaaaa ccaccgctac cagcggtggt ttgtttgecg gatcaagagce taccaactct 2880
ttttccgaag gtaactggcet tcagcagage gcagatacca aatactgtcecce ttctagtgta 2940
gccgtagtta ggccaccact tcaagaactc tgtagcaccg cctacatacc tcgectctget 3000
aatcctgtta ccagtggetg ctgccagtgg cgataagtceg tgtcttaccg ggttggactce 3060
aagacgatag ttaccggata aggcgcagceg gtecgggctga acggggggtt cgtgcacaca 3120
geecagettyg gagcgaacga cctacaccga actgagatac ctacagegtg agctatgaga 3180
aagcgecacg ctteccgaag ggagaaagge ggacaggtat ceggtaageyg gcagggtcegg 3240
aacaggagag cgcacgaggg agcttccagg gggaaacgcc tggtatcttt atagtcctgt 3300
cgggtttege cacctctgac ttgagegtceg atttttgtga tgctecgtcag gggggcggag 3360
cctatggaaa aacgccagca acgcggcectt tttacggttce ctggecctttt getggcecttt 3420
tgctcacatg ttctttcecetyg cgttatcccece tgattctgtg gataaccgta ttaccgectt 3480
tgagtgagct gataccgctce gecgcagecg aacgaccgag cgcagcgagt cagtgagcga 3540
ggaagcggaa gagcgcctga tgcggtattt tcectcecttacg catctgtgeg gtatttcaca 3600
ccgcaatggt gcactctcag tacaatctge tctgatgecg catagttaag ccagtataca 3660
ctcecgetate gectacgtgac tgggtcatgg ctgcgccecg acacccgcca acacccgcetg 3720
acgcgceectg acgggcttgt ctgctceeccgg catccgetta cagacaagcet gtgaccgtcet 3780
ccgggagetg catgtgtcag aggttttcac cgtcatcacc gaaacgcgceg aggcag 3836
<210> SEQ ID NO 115

<211> LENGTH: 3857

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pEX202 Vector

<400> SEQUENCE: 115

gatctcgate ccgcgaaatt aatacgactce actataggga gaccacaacyg gtttecctet 60
agaaataatt ttgtttaact ttaagaagga gatatacata tgcagaagga agtggagcag 120
aactctggac ccctcagtgt tccagaggga gecattgect ctcetcaactg cacttacagt 180
gaccgaggtt cccagtcctt cttetggtac agacaatatt ctgggaaaag ccctgagttg 240
ataatgtcca tatactccaa tggtgacaaa gaagatggaa ggtttacage acagctcaat 300
aaagccagece agtatgttte tcetgetcate agagactcece agcccagtga ttcagccacce 360
tacctetgtyg ccgttacaac tgacagetgg gggaaattge agtttggage agggacccag 420
gttgtggtca ccccagatat ccagaaccct gaccctgeeg tgtaccaget gagagactet 480
aaatccagtyg acaagtctgt ctgectatte accgattttg attctcaaac aaatgtgtca 540
caaagtaagg attctgatgt gtatatcaca gacaaaactg tgctagacat gaggtctatg 600

gacttcaaga gcaacagtgc tgtggectgg agcaacaaat ctgactttge atgtgcaaac 660



129

US 9,156,903 B2

130

-continued
gecttcaaca acagcattat tccagaagac accttcettece ccagcccaga aagttccccce 720
gggggtagaa tcgcccgget ggaggaaaaa gtgaaaacct tgaaagctca gaactcggag 780
ctggegteca cggccaacat gectcagggaa caggtggcac agcttaaaca gaaagtcatg 840
aactactagg atccatggta agcttgaatt ccgatccgge tgctaacaaa gcccgaaagg 900
aagctgagtt ggctgetgcce accgctgage aataactage ataacccctt ggggectcta 960
aacgggtctt gaggggtttt ttgctgaaag gaggaactat atccggataa ttcttgaaga 1020
cgaaagggcce tcgtgatacg cctattttta taggttaatg tcatgataat aatggtttct 1080
tagacgtcag gtggcacttt tcggggaaat gtgcgcggaa cccctatttg tttattttte 1140
taaatacatt caaatatgta tccgctcatg agacaataac cctgataaat gcttcaataa 1200
tattttgtta aaattcgcgt taaatttttg ttaaatcagc tcatttttta accaataggc 1260
cgaaatcggce aaaatccctt ataaatcaaa agaatagacc gagatagggt tgagtgttgt 1320
tccagtttgg aacaagagtc cactattaaa gaacgtggac tccaacgtca aagggcgaaa 1380
aaccgtcectat cagggcgatg gcccactacg tgaaccatca ccctaatcaa gttttttggg 1440
gtcgaggtge cgtaaagcac taaatcggaa ccctaaaggg agcccccgat ttagagettg 1500
acggggaaag ccggcgaacg tggcgagaaa ggaagggaag aaagcgaaag gagcgggcege 1560
tagggcgetyg gcaagtgtag cggtcacget gegegtaacce accacaccceyg ccgegettaa 1620
tgcgeccgeta cagggcgegt caggtggcac ttttecgggga aatgtgcgeg gaacccctat 1680
ttgtttattt ttctaaatac attcaaatat gtatccgctc atgagacaat aaccctgata 1740
aatgcttcaa taatattgaa aaaggaagag tatgagtatt caacatttcc gtgtcgccct 1800
tattccettt tttgcggcat tttgcecttce tgtttttget cacccagaaa cgctggtgaa 1860
agtaaaagat gctgaagatc agttgggtgc acgagtgggt tacatcgaac tggatctcaa 1920
cagcggtaag atccttgaga gttttcecgcce cgaagaacgt tttccaatga tgagcacttt 1980
taaagttctg ctatgtggcg cggtattatce ccgtgttgac geccgggcaag agcaactcegg 2040
tcgccgecata cactattcte agaatgactt ggttgagtac tcaccagtca cagaaaagca 2100
tcttacggat ggcatgacag taagagaatt atgcagtgct gccataacca tgagtgataa 2160
cactgcggcece aacttacttce tgacaacgat cggaggaccg aaggagctaa ccgcetttttt 2220
gcacaacatg ggggatcatg taactcgecct tgatcgttgg gaaccggagc tgaatgaagce 2280
cataccaaac gacgagcgtg acaccacgat gectgcagea atggcaacaa cgttgcgcaa 2340
actattaact ggcgaactac ttactctagc ttcccggcaa caattaatag actggatgga 2400
ggcggataaa gttgcaggac cacttctgeg ctcecggeccctt ccggetgget ggtttattge 2460
tgataaatct ggagccggtg agecgtgggtce tcecgeggtatce attgcagcac tggggccaga 2520
tggtaagccce tcccegtateg tagttatcta cacgacgggg agtcaggcaa ctatggatga 2580
acgaaataga cagatcgctg agataggtgc ctcactgatt aagcattggt aactgtcaga 2640
ccaagtttac tcatatatac tttagattga tttaaaactt catttttaat ttaaaaggat 2700
ctaggtgaag atcctttttg ataatctcat gaccaaaatc ccttaacgtg agttttegtt 2760
ccactgagcg tcagacccceg tagaaaagat caaaggatct tcttgagatce ctttttttet 2820
gcgegtaate tgctgcttge aaacaaaaaa accaccgcta ccagceggtgg tttgtttgece 2880
ggatcaagag ctaccaactc tttttccgaa ggtaactggce ttcagcagag cgcagatacce 2940
aaatactgtc cttctagtgt agccgtagtt aggccaccac ttcaagaact ctgtagcacc 3000
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gcctacatac ctegcetectge taatcctgtt accagtgget getgccagtg gcgataagtce 3060
gtgtcttacc gggttggact caagacgata gttaccggat aaggcgcagc ggtcgggcetg 3120
aacggggggt tcgtgcacac agcccagett ggagcgaacyg acctacaccyg aactgagata 3180
cctacagegt gagctatgag aaagcgecac gettcccgaa gggagaaagyg cggacaggta 3240
tceggtaage ggcagggtceg gaacaggaga gegcacgagyg gagcettcecag ggggaaacgce 3300
ctggtatctt tatagtcctg tegggtttcg ccacctetga cttgagegte gatttttgtg 3360
atgctcegtca ggggggcgga gcectatggaa aaacgccagce aacgcggcect ttttacggtt 3420
cctggecttt tgctggcectt ttgctcacat gttetttect gegttatcce ctgattetgt 3480
ggataaccgt attaccgcct ttgagtgagce tgataccget cgccgcagcec gaacgaccga 3540
gcgcagcgag tcagtgagcg aggaagcgga agagcgcctg atgcecggtatt ttcectecttac 3600
gcatctgtge ggtatttcac accgcaatgg tgcactctca gtacaatctg ctectgatgece 3660
gcatagttaa gccagtatac actccgctat cgctacgtga ctgggtcatg gctgecgeccce 3720
gacacccgec aacacccgct gacgcgecct gacgggcttg tetgctcececcg gcatcecgett 3780
acagacaagc tgtgaccgtc tccgggagct gcatgtgtca gaggttttca ccgtcatcac 3840
cgaaacgcgce gaggcag 3857
<210> SEQ ID NO 116
<211> LENGTH: 4019
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: pEX205
<400> SEQUENCE: 116
gatctcgate ccgegaaatt aatacgactc actataggga gaccacaacg gtttccctet 60
agaaataatt ttgtttaact ttaagaagga gatatacata tgaacgctgg tgtcactcag 120
accccaaaat tccaggtcct gaagacagga cagagcatga cactgcagtyg tgcccaggat 180
atgaaccatg aatacatgtc ctggtatcga caagacccag gcatgggget gaggetgatt 240
cattactcag ttggtgctgg tatcactgac caaggagaag tccccaatgg ctacaatgte 300
tccagatcaa ccacagagga tttccegete aggetgetgt cggetgetece ctceccagaca 360
tctgtgtact tctgtgecag caggccggga ctagegggag ggcgaccaga gcagtactte 420
gggecgggea ccaggctcac ggtcacagag gacctgaaaa acgtgttcecc acccgaggtce 480
getgtgtttyg agecatcaga agcagagatc tcccacacce aaaaggccac actggtgtge 540
ctggecacag gcttctacce cgaccacgtg gagctgaget ggtgggtgaa tgggaaggag 600
gtgcacagtyg gggtcagcac agacccgcag cccctcaagg agcagceccge cctcaatgac 660
tccagatacg ctctgagcag ccgcctgagg gteteggeca ccettetggea ggacccccge 720
aaccacttce gctgtcaagt ccagttctac gggetctegg agaatgacga gtggacccag 780
gatagggcca aacccgtcac ccagatcgtce agcgecgagg cctggggtag agcagacccece 840
gggggtctga ctgatacact ccaagcggag acagatcaac ttgaagacaa gaagtctgeg 900
ttgcagaccg agattgccaa tctactgaaa gagaaggaaa aactagagtt catcctggca 960
gcttacggat ccggtggtgg tctgaacgat atttttgaag ctcagaaaat cgaatggcat 1020
taagcttgaa ttccgatccg getgctaaca aagcccgaaa ggaagctgag ttggetgetg 1080
ccaccgctga gcaataacta gcataaccce ttggggectce taaacgggtce ttgaggggtt 1140
ttttgctgaa aggaggaact atatccggat aattcttgaa gacgaaaggg cctcgtgata 1200
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cgectatttt tataggttaa tgtcatgata ataatggttt cttagacgtc aggtggcact 1260
tttcggggaa atgtgcgegg aacccctatt tgtttatttt tctaaataca ttcaaatatg 1320
tatccgcectca tgagacaata accctgataa atgcttcaat aatattttgt taaaattcgce 1380
gttaaatttt tgttaaatca gctcattttt taaccaatag gccgaaatcg gcaaaatccce 1440
ttataaatca aaagaataga ccgagatagg gttgagtgtt gttccagttt ggaacaagag 1500
tccactatta aagaacgtgg actccaacgt caaagggcga aaaaccgtct atcagggcga 1560
tggcccacta cgtgaaccat caccctaatc aagttttttg gggtcgaggt gceccgtaaagce 1620
actaaatcgg aaccctaaag ggagcccceg atttagaget tgacggggaa agccggcgaa 1680
cgtggcgaga aaggaaggga agaaagcgaa aggagceggge gctagggege tggcaagtgt 1740
agcggtcacyg ctgcgegtaa ccaccacacce cgecgegett aatgegecege tacagggcege 1800
gtcaggtggc acttttcggg gaaatgtgceg cggaaccccet atttgtttat ttttctaaat 1860
acattcaaat atgtatccgc tcatgagaca ataaccctga taaatgcttc aataatattg 1920
aaaaaggaag agtatgagta ttcaacattt ccgtgtcgecc cttattccet tttttgcggce 1980
attttgectt cctgtttttyg ctcacccaga aacgctggtg aaagtaaaag atgctgaaga 2040
tcagttgggt gcacgagtgg gttacatcga actggatctc aacagcggta agatccttga 2100
gagttttcge cccgaagaac gttttccaat gatgagcact tttaaagttc tgctatgtgg 2160
cgcggtatta tccegtgttyg acgccgggca agagcaactc ggtcgceccgca tacactattce 2220
tcagaatgac ttggttgagt actcaccagt cacagaaaag catcttacgg atggcatgac 2280
agtaagagaa ttatgcagtg ctgccataac catgagtgat aacactgcgg ccaacttact 2340
tctgacaacg atcggaggac cgaaggagct aaccgctttt ttgcacaaca tgggggatca 2400
tgtaactcge cttgatcgtt gggaaccgga gctgaatgaa gccataccaa acgacgagcg 2460
tgacaccacg atgcctgcag caatggcaac aacgttgcgce aaactattaa ctggcgaact 2520
acttactcta gcttecccgge aacaattaat agactggatg gaggcggata aagttgcagg 2580
accacttectg cgcteggecee ttececggetgg ctggtttatt getgataaat ctggageccgg 2640
tgagcgtggg tctcegecggta tcattgcage actggggceca gatggtaage cctceccgtat 2700
cgtagttatc tacacgacgg ggagtcaggc aactatggat gaacgaaata gacagatcgc 2760
tgagataggt gcctcactga ttaagcattg gtaactgtca gaccaagttt actcatatat 2820
actttagatt gatttaaaac ttcattttta atttaaaagg atctaggtga agatcctttt 2880
tgataatctc atgaccaaaa tcccttaacg tgagtttteg ttccactgag cgtcagacce 2940
cgtagaaaag atcaaaggat cttcttgaga tccttttttt ctgcgcgtaa tetgetgett 3000
gcaaacaaaa aaaccaccgc taccagceggt ggtttgtttg ccggatcaag agctaccaac 3060
tctttttecg aaggtaactyg gcecttcagcag agcgcagata ccaaatactg tecttctagt 3120
gtagccgtag ttaggccacce acttcaagaa ctctgtagca ccgcectacat acctegetcet 3180
gctaatcetg ttaccagtgg ctgctgccag tggcgataag tcegtgtectta ccgggttgga 3240
ctcaagacga tagttaccgg ataaggcgca gcggtcgggce tgaacggggg gttecgtgcac 3300
acagcccage ttggagcgaa cgacctacac cgaactgaga tacctacage gtgagctatg 3360
agaaagcgcece acgctteccg aagggagaaa ggcggacagyg tatccggtaa gceggcagggt 3420
cggaacagga gagcgcacga gggagcttce agggggaaac gcctggtatce tttatagtcce 3480
tgtcgggttt cgccacctet gacttgagcg tcgatttttg tgatgectcecgt caggggggcyg 3540
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gagcctatgg aaaaacgcca gcaacgceggce ctttttacgg ttectggect tttgectggece 3600
ttttgctcac atgttcttte ctgcgttate ccctgattet gtggataacce gtattaccgce 3660
ctttgagtga gctgataccg ctcgeegecag ccgaacgace gagegcageyg agtcagtgag 3720
cgaggaagcg gaagagcgcec tgatgcggta ttttcectectt acgcatctgt geggtattte 3780
acaccgcaat ggtgcactct cagtacaatc tgctctgatg ccgcatagtt aagccagtat 3840
acactccget atcgctacgt gactgggtca tggetgegece ccegacaccceyg ccaacacccyg 3900
ctgacgcgece ctgacgggcet tgtctgctcee cggcatcecege ttacagacaa getgtgaccg 3960
tcteecgggag ctgcatgtgt cagaggtttt caccgtcatce accgaaacgc gcgaggcag 4019

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 117
H: 112
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain

RE:

variable domain AA sequence

<400> SEQUENCE: 117

Met Gly Val
1

Ser Met Thr

Trp Tyr Arg

35

Val Ala Ile

Val Ser Arg

Ala Pro Ser

Asp Thr Gly

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Gln Thr Pro Lys

5

Leu Gln Cys Ala Gln

20

Gln Asp Pro Gly Met

40

Gln Thr Thr Asp Gln

Ser Thr Ile Glu Asp

70

Gln Thr Ser Val Tyr

85

Glu Leu Phe Phe Gly

100

D NO 118
H: 112
PRT

Phe

Asp

25

Gly

Gly

Phe

Phe

Glu
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain

RE:

variable domain AA sequence

<400> SEQUENCE: 118

Met Gly Val
1

Ser Met Thr

Trp Tyr Arg
35

Val Ala Ile
50
Val Ser Arg

Ala Pro Ser

Asn Thr Gly

Thr Gln Thr Pro Lys

5

Leu Gln Cys Ala Gln

20

Gln Asp Pro Gly Met

40

Gln Thr Thr Asp Arg

55

Ser Thr Ile Glu Asp

70

Gln Thr Ser Val Tyr

85

Glu Leu Phe Phe Gly

100

Phe

Asp

25

Gly

Gly

Phe

Phe

Glu
105

Gln

10

Met

Leu

Glu

Pro

Cys

90

Gly

Gln

10

Met

Leu

Glu

Pro

Cys

90

Gly

Val

Asn

Arg

Val

Leu

75

Ala

Ser

Val

Asn

Arg

Val

Leu

75

Ala

Ser

Leu Lys Thr

His Glu Tyr
30

Leu Ile His
45

Pro Asn Gly
60

Arg Leu Leu

Ser Ser Tyr

Arg Leu Thr
110

Leu Lys Thr

His Glu Tyr
30

Leu Ile His
45

Pro Asn Gly
60

Arg Leu Leu

Ser Ser Tyr

Arg Leu Thr
110

Gly Gln
15

Met Ser

Tyr Ser

Tyr Asn

Ser Ala

80

Val Gly
95

Val Leu

Gly Gln

Met Ser

Tyr Ser

Tyr Asn

Ser Ala
80

Leu Gly
95

Val Leu
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<210> SEQ ID NO 119

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain
variable domain AA sequence

<400> SEQUENCE: 119

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln
1 5 10 15

Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30

Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser
35 40 45

Val Ala Ile Gln Thr Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Val Ser Arg Ser Thr Ile Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val Gly
85 90 95

Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 120

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain
variable domain AA sequence

<400> SEQUENCE: 120

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln
1 5 10 15

Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met Ser
20 25 30

Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr Ser
35 40 45

Val Ser Val Gly Met Thr Asp Arg Gly Glu Val Pro Asn Gly Tyr Asn
50 55 60

Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser Ala
65 70 75 80

Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val Gly
85 90 95

Asp Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 121

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity variant of 1G4 TCR beta chain
variable domain AA sequence

<400> SEQUENCE: 121

Met Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly Gln
1 5 10 15
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140

Ser

Trp

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Met

Tyr

Ala

50

Ser

Pro

Thr

Thr

Arg

35

Ile

Arg

Ser

Gly

Leu

20

Gln

Gln

Ser

Gln

Glu

100

PRT

SEQUENCE :

Gln

Asp

Thr

Thr

Thr

85

Leu

SEQ ID NO 122
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: C58cé61l

162

122

Cys

Pro

Thr

Ile

70

Ser

Phe

Met Lys Gln Glu Val Thr

1

Gly

Asn

Leu

Ala

65

Ser

Leu

Asp

Ser
145

Asp

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Glu

Leu

Leu

50

Ser

Gln

Asp

His

Ser

130

Gln

Lys

Asn

Gln

35

Ile

Leu

Pro

Gly

Pro

115

Lys

Thr

Leu

20

Trp

Thr

Asp

Gly

Thr

100

Tyr

Ser

Asn

PRT

SEQUENCE :

5

Val

Phe

Pro

Lys

Asp

85

Tyr

Ile

Ser

Val

SEQ ID NO 123
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: C58cél beta with truncated

170

123

Leu

Arg

Trp

Ser

70

Ser

Ile

Gln

Asp

Ser
150

Ala

Gly

Asp

55

Glu

Val

Phe

Gln

Asn

Gln

Gln

55

Ser

Ala

Pro

Asn

Lys

135

Gln

Gln

Met

40

Arg

Asp

Tyr

Gly

Ile

Cys

Asp

Arg

Gly

Thr

Thr

Pro

120

Ser

Ser

Asp

Gly

Gly

Phe

Phe

Glu
105

Met

Leu

Glu

Pro

Cys

90

Gly

Asn

Arg

Val

Leu

75

Ala

Ser

alpha with

Pro

Ser

25

Pro

Glu

Arg

Tyr

Phe

105

Asp

Val

Lys

Ala

10

Phe

Gly

Gln

Ser

Leu

90

Gly

Pro

Cys

Asp

Ala

Thr

Lys

Thr

Thr

75

Cys

Arg

Ala

Leu

Ser
155

His

Leu

Pro

60

Arg

Ser

Arg

Glu

Ile

45

Asn

Leu

Ser

Leu

Tyr Met

30

His Tyr

Gly Tyr

Leu Ser

Tyr Val

Thr Val
110

truncated TRAC

Leu

Asp

Gly

Ser

60

Leu

Ala

Gly

Val

Phe

140

Asp

Ser

Ser

Leu

45

Gly

Tyr

Val

Thr

Tyr

125

Thr

Val

Met Asn Ala Gly Val Thr Gln Thr Pro Lys Phe Gln Val

1

5

10

Gly Gln Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn

20

25

Met Ser Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg

35

40

45

Val Pro
15

Ala Ile
30

Thr Ser

Arg Leu

Ile Ala

Arg Pro
95

Ser Leu
110

Gln Leu

Asp Phe

Tyr Ile

TRBC1

Leu Lys
15

His Glu
30

Leu Ile

Ser

Ser

Asn

Ala

80

Gly

Leu

Glu

Tyr

Leu

Asn

Ala

80

Leu

Ile

Arg

Asp

Thr
160

Thr

Tyr

His
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-continued

142

Tyr

Tyr

65

Ser

Leu

Glu

Cys
145

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Met

1

Gly

Met

Tyr

Tyr

65

Ser

Leu

Glu

Cys
145

<210>
<211>
<212>
<213>
<220>

Ser

50

Asn

Ala

Gly

Leu

Pro

130

Leu

Asn

Asn

Gln

Ser

Ser

50

Asn

Ala

Gly

Leu

Pro

130

Leu

Asn

Val

Val

Ala

Asn

Glu

115

Ser

Ala

Gly

Ala

Ser

Pro

Thr

100

Asp

Glu

Thr

Lys

PRT

SEQUENCE :

Ile

Arg

Ser

85

Gly

Leu

Ala

Gly

Glu
165

SEQ ID NO 124
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: C58cél beta with truncated

170

124

Ala Gly Val

Ser

Trp

35

Val

Val

Ala

Asn

Glu

115

Ser

Ala

Gly

Met

20

Tyr

Ala

Ser

Pro

Thr

100

Asp

Glu

Thr

Lys

PRT

5

Thr

Arg

Ile

Arg

Ser

85

Gly

Leu

Ala

Gly

Glu
165

SEQ ID NO 125
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:

305

Gln

Ser

70

Gln

Glu

Asn

Glu

Phe

150

Val

Thr

Leu

Gln

Gln

Ser

70

Gln

Glu

Lys

Glu

Phe

150

Val

Thr

55

Thr

Thr

Leu

Lys

Ile

135

Phe

His

Gln

Gln

Asp

Thr

55

Thr

Thr

Leu

Asn

Ile

135

Tyr

His

Thr

Ile

Ser

Phe

Val

120

Ser

Pro

Ser

Thr

Cys

Pro

40

Thr

Ile

Ser

Phe

Val

120

Ser

Pro

Ser

Asp

Glu

Val

Phe

105

Phe

His

Asp

Gly

Pro

Ala

25

Gly

Asp

Glu

Val

Phe

105

Phe

His

Asp

Gly

Gln

Asp

Tyr

90

Gly

Pro

Thr

His

Val
170

Lys

Gln

Met

Gln

Asp

Tyr

90

Gly

Pro

Thr

His

Val
170

Gly

Phe

75

Phe

Glu

Pro

Gln

Val
155

Phe

Asp

Gly

Gly

Phe

75

Phe

Glu

Pro

Gln

Val
155

Glu

60

Pro

Cys

Gly

Glu

Lys

140

Glu

Gln

Met

Leu

Glu

60

Pro

Cys

Gly

Glu

Lys

140

Glu

Val

Leu

Ala

Ser

Val

125

Ala

Leu

Val

Asn

Arg

45

Val

Leu

Ala

Ser

Val

125

Ala

Leu

Pro

Arg

Ser

Arg

110

Ala

Thr

Ser

Asn

Leu

Ser

95

Leu

Val

Leu

Trp

TRBC2

Leu

His

30

Leu

Pro

Arg

Ser

Arg

110

Ala

Thr

Ser

Lys

Glu

Ile

Asn

Leu

Ser

95

Leu

Val

Leu

Trp

Gly

Leu

80

Tyr

Thr

Phe

Val

Trp
160

Thr

Tyr

His

Gly

Leu

80

Tyr

Thr

Phe

Val

Trp
160
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-continued

144

<223> OTHER INFORMATION: C58cé6l beta with truncated TRBC2 fused
human IL-2

<400> SEQUENCE: 125

Met Asn Ala Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr
1 5 10 15

Gly Gln Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr
20 25 30

Met Ser Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His

Tyr Ser Val Ala Ile Gln Thr Thr Asp Gln Gly Glu Val Pro Asn Gly
50 55 60

Tyr Asn Val Ser Arg Ser Thr Ile Glu Asp Phe Pro Leu Arg Leu Leu
65 70 75 80

Ser Ala Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr
85 90 95

Leu Gly Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr
100 105 110

Val Leu Glu Asp Leu Lys Asn Val Phe Pro Pro Glu Val Ala Val Phe
115 120 125

Glu Pro Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val
130 135 140

Cys Leu Ala Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser Trp Trp
145 150 155 160

Val Asn Gly Lys Glu Val His Ser Gly Val Pro Gly Ala Pro Thr Ser
165 170 175

Ser Ser Thr Lys Lys Thr Gln Leu Gln Leu Glu His Leu Leu Leu Asp
180 185 190

Leu Gln Met Ile Leu Asn Gly Ile Asn Asn Tyr Lys Asn Pro Lys Leu
195 200 205

Thr Arg Met Leu Thr Phe Lys Phe Tyr Met Pro Lys Lys Ala Thr Glu
210 215 220

Leu Lys His Leu Gln Cys Leu Glu Glu Glu Leu Lys Pro Leu Glu Glu
225 230 235 240

Val Leu Asn Leu Ala Gln Ser Lys Asn Phe His Leu Arg Pro Arg Asp
245 250 255

Leu Ile Ser Asn Ile Asn Val Ile Val Leu Glu Leu Lys Gly Ser Glu
260 265 270

Thr Thr Phe Met Cys Glu Tyr Ala Asp Glu Thr Ala Thr Ile Val Glu
275 280 285

Phe Leu Asn Arg Trp Ile Thr Phe Cys Gln Ser Ile Ile Ser Thr Leu
290 295 300

Thr
305

<210> SEQ ID NO 126

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: NY-ESO peptide

<400> SEQUENCE: 126

Ser Leu Leu Met Trp Ile Thr Gln Cys
1 5

to wt
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145 146
-continued
<210> SEQ ID NO 127
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: NY-ESO analogue

<400> SEQUENCE: 127

Ser Leu Leu Met Trp Ile Thr Gln Val
1 5

The invention claimed is:

1. A recombinant TCR having the o chain extracellular
sequence SEQ ID NO: 1 and the § chain extracellular
sequence SEQ ID NO: 2 except that amino acids Q51 and S53
of SEQ ID NO: 1 are replaced by 51M and 53H and amino
acid G50 of SEQ ID NO: 2 is replaced by 50S.

2. A pharmaceutical composition comprising: a plurality of
cells having the TCR of claim 1; and a pharmaceutically
acceptable carrier.

3. A recombinant TCR having the o chain extracellular
sequence SEQ ID NO: 1 and the § chain extracellular
sequence SEQ ID NO: 2 except that amino acids Q51 and S53
of SEQ ID NO: 1 are replaced by 51M and 53H and amino
acid AS1 of SEQ ID NO: 2 is replaced by 51V.

4. A pharmaceutical composition comprising: a plurality of
cells having the TCR of claim 3; and a pharmaceutically
acceptable carrier.

5. A recombinant TCR having the o chain extracellular
sequence SEQ ID NO: 5 and the § chain extracellular
sequence SEQ ID NO: 6 except that amino acids Q51 and S53
of SEQ ID NO: 5 are replaced by 51M and 53H and amino
acid AS51 of SEQ ID NO: 6 is replaced by 51V and amino acid
T162 of the a chain and amino acid S169 of the 13 chain are
replaced by 162C and 169C and comprising a disulfide bond
between a chain 162C and  chain 169C, using the number-
ing of SEQ ID NOs: 5 and 6.

6. An isolated cell having a TCR having the a chain extra-
cellular sequence SEQ ID NO: 1 and the f§ chain extracellular

15

20

25

30

35

40

sequence SEQ ID NO: 2 except that amino acids Q51 and S53
of SEQ ID NO: 1 are replaced by 51M and 53H and amino
acid G50 of SEQ ID NO: 2 is replaced by 50S.

7. An isolated cell having a TCR having the o chain extra-
cellular sequence SEQ ID NO:5 and the } chain extracellular
sequence SEQ ID NO: 6 except that amino acids Q51 and S53
of SEQ ID NO: 5 are replaced by 51M and 53H and amino
acid G50 of SEQ ID NO: 6 is replaced by 50S and amino acid
T162 of the a chain and amino acid S169 of the §§ chain are
replaced by 162C and 169C and comprising a disulfide bond
between a chain 162C and f chain 169C, using the number-
ing of SEQ ID NOs: 5 and 6.

8. An isolated cell having a TCR having the o chain extra-
cellular sequence SEQ ID NO: 1 and the f§ chain extracellular
sequence SEQ ID NO: 2 except that amino acids Q51 and S53
of SEQ ID NO: 1 are replaced by 51M and 53H and amino
acid AS1 of SEQ ID NO: 2 is replaced by 51V.

9. An isolated cell having a TCR having the o chain extra-
cellular sequence SEQ ID NO: 5 and the chain extracellular
sequence SEQ ID NO: 6 except that amino acids Q51 and S53
of SEQ ID NO: 5 are replaced by 51M and 53H and amino
acid AS51 of SEQ ID NO: 6 is replaced by 51V and amino acid
T162 of the a chain and amino acid S169 of the §§ chain are
replaced by 162C and 169C and comprising a disulfide bond
between a chain 162C and f chain 169C, using the number-
ing of SEQ ID NOs: 5 and 6.

#* #* #* #* #*



